Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



■ V J( 



ci^' 



^>V 



■;■■«* 



V 



^- \ 



\ 



^^ 



QUESTIONS 



!» 



CHEMI8TEY 



AND 



NATURAL PHILOSOPHY, 

GIV BN AT TBS 

MATRICULATION EXAMINATION OF THE 

UNIVERSITY OF LONDON, 

FROM THE YEAR 1864 TO JANUARY, 1881. 

OLASSIFIED ACCORDING TO THE SYLLABUS OF SUBJECTS OP 
• EXAMINATION. 



BY 

C. J. WOODWARD, B.Sc., . 

LKCTORSR OV CBCMI8TRY iNP PBT8I08, BIBMIKOHAM AVO MIOLAIID XM8TITIITB, 



NEW EDITION, CONTAINING ANSWERS. 






BY PERMISSI(/]fc' 




LONDON : xOp 
8IMPKIN, MARSHALL AND 

BIRMINGHAM : 
CORNISH BROTHERS, 37, NEW STREET, 



lA^ /•. \^U ' 



a M O T T 8 3. IT O 






.7n*!o;^oji,!!,<i j/.irJT/.-^ 



I . 1 , .• i 



•■'!!' ; I .••<:!/:// • . 1 1 ■ . ! ' i » ' ' i I ' i •' 



t I.I 



' ■ . 1 ' / . . I t 



1 ; . 



I < 



■| ! '. . • ' t ' 



1-1 . * 



\ ' I 



1 I • 1 • 



' ..)>..'! .<l!l/.V/<i!i.i/,r X :> 



I . '■ I • ' 111-' :.. !> 



: •<• i 



.\ \ ...' /.;. .^.' ,/ \!;v/.«' ^ .V^A \\^' \ "1' './ 






'(■! 



• i ■. :■ ' 



I •' I 



/I ' I . i ■ 



PREFACE. 



In pre])ariDg candidates for the Matriculation Examination of the 
University of London, I have used a MS. copy of the Questions given 
in the Calendar, classifying them under the different headings stated in 
the Syllabus of subjects, published by the Senate of the University. 

My collection has now grown to dimensions such, that I think, if 
printed, it may be useful to many who are engaged in teaching the 
subjects to which the questions refer, as well as to those candidates for 
Matriculation who have not the advantage of special instruction. 

The mode of using these questions must be left to the discretion of 
the teacher or the student, but the following plan seems to me best : — 

After a subject as e,g. ** The Composition and Resolution of Statical 
Forces" has been read through in any text book, let the candidate 
work the whole of the questions given under this head. Similarly 
with the "Simple Machines" and other subjects. 

It is a fair inference that if a candidate can, vnthoiU help work all, 
or nearly all, the questions which have been set for the last ten 
years, he will be likely to pass the examinntion of the eleventh year. 
Should a student find, after going through any division of the subject 
in his text book, he is unable to work the questions here given under 
that head, he may be sure his book is not sufficiently advanced, or, 
what is more likely, he has not properly mastered it. Let him then 
go over the subject a second or third time until the questions can all 
be worked satisfactorily. 

Although this work is intended primarily for candidates preparing 
for the Matriculation Examination of the University of London, the 
author believes it will be found useful in prepaiing for the Oxford 
Middle Class and other excaminations, and also as « general exercise 
book in Mechanical Philosophy and Chemisti}'. ' 

C. J. W. 

Birmingham, November 1873. 
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PREFACE TO SECOKD EDITIOK. 



The Questions Irom 1871 to January 1881 have been added. Answers 
ai-e appended when they can be stated concisely, and the cumbersome 
method of printing the date of each question is replaced by a con- 
tinuous numbering under each head of the syllabus, an index at the 
end giving all infoimation as to position of questions in the Examination 
Papers. I have to thank Mr. George Smith, B.Sc, for help in working 
out answers, and also for assistance in revising proof sheets. 

Birmingham and Midland Institute, 

Birmingham, March, 1881. 
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NATUEAL PEDLOSOPHY. 



A.-MECHAKICS. 

COMPOSIliOK AKD RXSOLimoK OF STATICAL FORCBS. 

1. Let A6 and AC represent ill 
. direction and magnitude two equal 
forces acting at A^ die angle be- 
tween their directions being 56".. 
praw a line which shall represent 
in direction ahd magnitude a force, 
which will be in equilil»rium with' 
theseforces ;andstatetheanglewhicl^ 
its direction will make wil£ AB. 



2. A weight, W, is suspended^ 
from a moveable pulley C, A and 
B being 2 fixed poIlevB. When 
the system is at rest, wnat are this^ 
forces which keep the point C in 
equilibrium ? ana why is it neces-' 
saiy thatthetwo weights W'fBhouldf 
be equal to one another I 






8. T#o forees representedf 
in magnitude and diieetion by 
AB and CD, act at the ez«. 
tremity of a lever AC. Exhibit 
by nieans of a diagram the 
moments of these two force^ 
round the fulcrum £, and stata" 
irhat condition will be satisfied when there ia equilibrium. 

4. A plummet, the string being held in the hand, is immersed in a 
current of water, and the string ultimately settles in a somewhat 
slanting position. Explain by a diagram tne nature and action of 
the forces which determine the position of the string. 

5. Exhibit by means of a diagram, ' 
of which the construction is to be' 
explained, the method of finding the 
resultant of the forces represented by the 
lines in the annexed figure, the forcea 
all acting at the point A^ as^^i. Vs^i&%~ 
the plaxi^ ol V!^<^ ^^v^rsc. 
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6. A boat is moored in a stream ^ two ropes, fixed to posts, one 
on each bank, and inclined to the direction of the current, at angles 
of 30^ and 45^. Draw a figure from measuring which the proportion 
may be found })et\Yeqn the sti^ains, p9 the^njip^ . . > . - 

7. Three attio^ are tied in a- knot ;'fh^ ends' 6f two of them are 
fastened to pegs. ; and the third has a known weight attached to it. 
Give a construction for finding'fhe forces pulling the pegs ; and from 
the construction show tgi Tivh«t^ti[M^, ^wo.fp^ces respectively become 
almost equal when oner of the sup|)brting strings is almost long 
enough to allow the other to hang in aTtitical position; ' *> 

ft 

8. It is required to substitute, for a gixen vertical force, two forces, 
•Ae hcnrizontalj the other inclined at an angre'T>C ^5^ to the vertical ; 
determine the magnitude of these two forces. 

9. Show how to find the resultant of two force% A and B, wjiich 
act upon a given point in directions that make an angle a with each 
other. The force A acting towards the given point, and the force B 
Aljeajr from it. 

Six vertical smooth posts ^re fixed in thagtoixfid at equal intervals 
foond the cihmmferenpe of a circle, and *a cord, without weight, is 
passed twiciB round them, all in a horizontal plane, and pulled tight 
with a force of lOOIbs. Find, the magnitude and direction of ^the 
Multant pressurie on each post*. . '' . ; 

10. . State and explain the propositipn^oWn as the " Parallelogram 
of J'olws:" . '. '^ 

A ^ei^ht of 24lhs. is. suspended by two flexible strings, one of which 
is IjLonzontal, and the other is inclined at (in angle of 30° to the 
▼esrticBJl directionr What is tha tension in each string ? 

11. If two fosoes acting on a point are represented in magnitude 
and direction by two sides of a triangle, under what circumstance will 
the third side exactly represent their resultant ? Forces of 20 and 10 
act along the sides AB and BC respectively of an equilateral triangle : 
find tjlie magnitude of their resultjiit. 

12. Show liow to find the resultant of three given forces acting on 
a point ; and prove that to produce equilibrium, their directions must 
h% in the silmd plane. 

18. AVhat is meant by the moment of a force about a nven point? 
How is its magnitude determined 1 If several forces which do not 
iMtlance, act in the same plane upon different points of a solid body, 
one point of whicl^ is fixed, what condition must be fulfilled in order 
tiiat the body may be in equilibrium? Show that this condition 
dumot be fuliilled unless the fixed point is in the plane of the forces. 

14. Show that as the angle between two forces is increased their 
resultant is dimiiiished. Two forces of the magnitude 5 and 11, act 
at angles of 60**, 90*^, and 120**, respectively. Compare their resultants 
in the three cases. 

15. Assuming the principle of the parallelogram of forces, show 
what must be the relation, in order that there may be equilibrium on 
tiie inclined plane, between the power, the weight, and the pressure 
against the luane. 
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16. Sb&w why a lever is in e<|ai]ibriTiin wlien tlia power and 
weight are to'Wach other inVefseljr as the perpendictdaT' dkta&ces of 
their lines of actioD from the fulcrum. 

*'17.' Show how to resolve a given, force into two oomponents, one of 
which 1ms a given magmtude and acts parallel to |i ghren straight 
line.' ■.■■.•'■•■■•■■■ 

• As a special- <iase^ resolte a foroe of magnitude. 12, acting horizon- 
tally from left to tight, into two components, oji6 of which is a force 
of magnitude 25, acting. TorttcaUy upwards. / 

18. Three equal forces act in one plane on a point in such a'^j 
that each of them makes an angle of 120^ witlL each of the other two. 
Prove that the forces will balance. 

ID. . Employ the above proposition to s^ow tl^t the resultant ' of 
forces, 7 and 14, acting at an angle- jof 120^, is the same as the re- 
aijiiant of forces 7 and 7 acting at an angle of 60*^, 

20. When a horse is employed fto tow a barge along a canal, the 
tonr-rope is, usually of considerable length ; give a definile reason for 
using a long^ rope instead of a short one^ Show whether the same 
considerations hold good in relation to the length of the rope wh^n a 
steam tug is used instead of a horse. 

i • ■' 

2)1. Show how it is possible £br a sailing-vessel to make way in a 
<lirection driferent from that of the wind. Why cannot a round tub 
be steered atjis great an angle to the direction of the wind as a long 
ioat? 

22. In a combination o« one fixed and one 
moveable pulley, when the power acts horizon- 
tally, and the fixed end of tne string is attached 
to the upper block, find ^e direction of the 
total resultant pressure on the upper block and 
its magnitude as compared wita the power. 
(See fig.) 

23. A heavy plummet is immersed in a 
stream, the strings being held by a person 
standing on the bank ; . the string is found to 
settle in a sloping position. Show by means 
of a sketch the three forces ^nrhich keep, the 
Xilnmmet in equilibrium. 

24. State the Parallelogram of Forces. Explain the meaning of 
the terms employed in your statement. Apply it to show that if lour 
forces acting on a point be represented by toe sides of a rectangle taken 
in order, they will be in equilibrium. 

25. Explain the meaning of the words Composition and Resolution 
ot Forces ; and show how for^'cs may be compounded and resolved. 

A particle is acted on by a force whose magnitude is unknown, but 
whose direction makes an angle of 60® with the horizon. The hori- 
zontal component of the force is known to be 1*35. Detetva&aa ^-^ca 
total force, and also its vertical com^uenX. 
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~ * 

26. Assaminff the truth of the Parallelogram of Forces, show how 
to find the nositiou and magnitude of the resultant of two paiaJlel 
forces P and Q, acting at di&rent points of a rigid body. 




27. Two uniform heayy vods AG, 
BC, rigidly connected together, a^ 
cabbie of turning round a horizonjl^ 
axis at €• Find the mechanical con- 
ditions which determine the positq^q 
of eqniUbiium. 



23. State and exhibit the me- 
chanical conditions of equiiibriuYn, 
wlien R beam AB of unif<cwrm thick- 
ness and density rests with one 
extreinity against a smooth vertical 
wall, and the 6tber against a 
smooth hemisphencal bowL 

29. Two paraue forces P and 
Q act at two points in a straight 
line 6 inches apart in opposite 
directions. Their resultant is a 
force of 1 lb , acting at a point in 
the line 4 feet from the larger of 
the forces P and Q. Determine 
the yalue of P ^nd, Q. 



80. A uniform circular arc rests in 
a Tertical plane on two smooth pegs B 
and C. Fmd by aid of a sketch the 
mechilnical conmtions of equiUbrium. 



31, . A heayy uniform beam 
AB is supported at the point C 
by the Tertical prop CD, itf ex- 
tromity A pressing against a 
wall £F^'/ Determine the con- 
ditions of equilibrium, taking 
no account of friction. 





82. Show tliat when five forces, acting at a point are capable 
of being represented in magnitude and direction by the side8 of a 
pentagon taken in order they are in equilibrium. , 

33. By aid of a sketch explain the resolution of forces in the case' 
of a ship sailing at right angles to the wind, exhibiting also the force 
that causes lee-way. 
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S4. Three eoixls are tied tof^ether at a point. One of hese is 
pullel in a northerly directinn with a force of 6 lbs., and another in 
%n easteily direction with a force of 8 lbs. With what force must 
the third eonl be pulled in order to ket*p the whole at rest ? 

85. By aid of a sketch explain the I'eHoUition of forces in the case 
of a paper kite suspended in the air at the end of a string. 

86. A sphere of wood, loaded at one point with lead, rents upon a 
plane inclined at 80° to the hoiizon, belnji; prevented from sliding 
down by the friction of the plane. State and explain by a diagram 
the conditions of equilibrium. 

87. A botly. whose mass is 5 kilogrammes, resting upon a smooth 
plane inclined at 30^ to the horizon, is acted on by four forces; 
(1) its weight, (2) the reaction of the plane, (3) a force equal to the 
weiglit of two kilogrammes, acting parallel to the plane and upwards, 
and (4) a force P, acting at ah Aia^e of 30*^ to the plane. Determine 
the ralne of P, that the body may be in equilibrium. 

88. Explain the action of the rudder in turning a vessel at sea ? 

89. A ladder rests against the side of a house and is inclined at 
00^ to the eround. The nressure of the ladder against the wall being 
equal to a force of 60, and the friction at the same place equal to a 
force of 40. Find the pressure and friction at the point where the 
ladder rests on the ground. Find also the weight of the ladder. 

40. Explain what is meant by the moment of a force. Prove that 
when two forces act on a point, the algebraic sum of their moments 
about any point in. their plane is equal to the moment of their re* 
sultaut about the same point. 

41. State the condition in order that three or more forces acting 
on a bar which is free to turn about a fixed axis may not produee 
motion about that axis. 

A uniform bar 2 ft. long, and weighing 8 lbs., is used as a steel- 
yard, being supported at a p<Mnt 4 in. from one end. Find tbe 
greatest weight whidi can be weighed with a moveable weight of 2 lbs., 
and find the point from which the graduations should be measured. 

42. Show by aid of a sketch exhibiting the resolution of forctfp, 
how a ship can sail at right angles to the direction of the wind, 

43. Define the moment of a force about a point, and state the 
condition necessary for the iequilibriutn of a body free to turn about 
a'fix«?d axis. 

In a common steelyard whose mass is 20 lbs., the point of suspen- 
sjpi^of the body to be weighed is 4 inches from the fulcrum, while the 
centre of gravity of the b^un is one inch from the fulcrum measured 
ii^ the opposite direction. If the mass of the sliding weight be 7 Ibs.^ 
find the distances from the fulcrum of the graduations marked respec- 
tively 14 lbs., 28 lb«., 56 lbs.; and 112 lbs. 

44. Explain what is meant by the ''Triable of Forces," Show 
how it is derived from the ** Parallelogram of Forces." "Esxjl^Vs^ S^.\a ^ 
deteimine the tensions when a mass ot 10 \y^. \i «XX»fS&A^ Na ^ ^^fsos^ 
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of a striog whose ends are fastened to two points five feet apart in a 
horizontal line, the Ien<(th8 of the paits into which the ' ^tiii^g* is 
divided by the weight being 3 feet and 4 feet rM[¥Jctively. 

45. Define force. What is meant by the resultant ot a number of 
forces ? Give a geometrical constniction for finding the resultant of 
any number of forces acting at a pMnt. ; ' 

46. Define the moment of a force aboiit a point'. Show how td 
find the resultant of two parallel forces which act in opposite direc- 
tions, but not in the same straight line. < ' 

47. State the conditions necessary for the equilihriuni of. a body 
free to move in one plane. To what do these con'ditiohs reduce when 
one point in the body is fixed ? 

.48. Ezplfiin the meaning of the proposition kklown as the " P^ 
allelogram of Forces " 

Three forces act along three of the. sides of a parall^lograxn ABDC, 
one from A to B, one from A to C, and the third fvoja p to I), each 
force being proportional to the side along which it acts ; thfe' paralleld-' 

fram is such that the diiagonai AD is perpesdiealar to the ^de BD. 
ind the line of action of the resultant force, and show that its iiiag- 
nitude is equal to one of the given foicos. 



B.-SIMPLE MA0BINB6. 

(Mechanical. Powers J, 

BATIO OF THE POWEE TO THE WEIGHT IN EACH. 

. 1, What is the ratio between t^ie power and tie weight in a strew 
which has ten threads to the iiicK, and is mov^d ht & power acting 
perpendicularly to an arm at a (iistanc^ of one foot nfom the centre, ' 

2. Two men, A and B, carry a weight of 200 lbs. on a pole between 
them. If the mei;i be 5 feet ap^rt, and the weight idung at a distdtice 
of 2 feet from A, what part of the wei^t will he bear, neglecting the' 
weight of the pole ? ••. 

3. If a man has to raise a weight, and has only one pulley at his 
disposal, show how he must apply it in order to obtain the utmost, 
advantage. 

4. A man who weighs 160 lbs., Wishing to raise k rock, leans with 
his whole weight on one end ^f a horizontal crowbar five feet lon^, 
w)iich is propped at tbc distance of foiit iiidhes from the end in oon^' 
tact with the rock. What force, does he exert on the rock ; and what 
pressure has the prop to sustain f 

^. 3ketch a system of pulleys in Vhich the po wet is to the 'weight 
in the proportion of 1 to 4. '" * 



< t: 
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0. Stat« the relation between the power and the weight in thi^ 
inclined plane, the power acting parallel to the plane. 

How may this relation be dednced from the consideration of an 
endlesff chain put ronnd the inclined plane aild hanging down ? ■ 

7* Pind the ratio between the power and the weight in a screw 
with 10 threads to the inch, worked by a lever 1 foot long. 
MentiQin some of the. most u;apQrtant applications of the serew. 

8. A weight is to be raised by means of a rope passing round k 
horizontal cylinder 10 inches in diatpet^r, turned by a windh with an 
arm. 2} feet long. Find the ^greatest weight which a man could so 
raise without exerting a pressure of mdre than 50 lbs; on the handle 
of the wiftch. 

9. Sketch a system of pulleys, <>ne fixed and two moveable, in 
which one end of the string pasdng round each pulley is attached to 
the weight ; . and find.the relation, of the power to the weight wh^ 
Jn equilibrium. 

10. A straight Hyer 2Cl inches long weighs 15 hizn, Yrhere ttiilBi 
the. fulcrum be placed in order tliat the lever may be in equilibrium, 
when a weight of 16 bz.; is hung at one end, and a weight of 9 oz. at 
the other? 

Wl^aVifil the. priBSfui^ on the fvilpitim yihm the lever is lu equiv 
librium ? 

il. Ho'W can the triie weight of a body be determined by mettns 
of a balance with unequal arms ? ": : ■ • 

1^ Describe th^ sci^w, and pqint put its relation to the ]itcline4 

Wha^ is the mechanical advantage. of ti\e screw? 

13. In a system of one fixed and jfo.ur. moveable pnllf^irs, in whieli 
onejsndof eaeh^trijQ^g.isc.fixiBd toabeam, :fipd the )ielatio];i between, 
the power and the weight (neglecting' the weight of the piUleya) when.. 
one pf the strings is nailed to the, pulley around which it passes.' 

'\Vh6^t is the foi^ce exerted o]i the beam to which the strings ftre 

attached? - .1 

•■'•■■ »• . ■ ', , \ ' . ■ • ■ . 

14. Find the ratio of the power to l^e -weight for equilibrium- on.ai 
bent I^Fier of the first kind, when the forces ;act .at right angles to the 
^msL; , . ^upposiing the ar)i\s malf e an' angle of 120^ with each otberi. 
and, have ^tuQ relative lengths. 1 an^ 5. tind the mngnitude and point 
of application of the resultant ol the. power and weight when tjje 
lever .is in equilibrium. 

■ 13. Find the relation l)etween the power and the "weigrht in tjio 
third system of- puIWs. (in which each sti'ipg is attaolied to. the 
weight), Avhen.the weights of the. XHilleys a'-e disregarded. Also show 
what the rei tion would be if the weights of the pulleys were taken > 
into account. 

16. "What condition must be fulfilled in order tT\G.t ^\i^^^sasc^\«i 
in eduilibrium, upon a hard smooth pVoa^ sMt\«rfi.^^ 
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A weight rests upon a smooth horizontal plane, and is acted on bj 
• force, equal to a weight of 6 lbs., in a direction inclined obliqoelj 
ilownwards at an angle of 80^ to the horizon. Find the magnitude of 
horizontal force required to prevent motion. 

17. A weight of 56 lbs. is attached to a straight lerer without 
weight, at a dutance of 3 inches from the itilcmm, and is balanced 
in one case by a power of 6 lbs., and in another by a power of 16 lbs. 
Find in each case the pressure on the fulcrum, and also the distance 
between the points of application of the power and weight when they 
1^ applied, 

la) On the same side of the fulcnun. 

(b) On opposite sides of the fulcrum. 
Show how the answer to each part of the question would be 
affected if the lever weighed 9 lbs., and its centre of gravity were a| 
the ftilcrum. 

18. A solid roller, with an axle projecting from one end, is 8u»> 
pended horizontally from two vertical cords— one of them attached tQ 
the end of the roller opposite to the axle, the other to the middle of 
the axle ; the roller is 4 feet Ions, and weighs 27 lbs. ; the axle is 
1 foot long and weighs 1 lb. Find the weight supported by each cord. 

19. A pole 12 feet long, weighing 25 lbs., rests with one end 
against the foot of a wall, and from a point 2 feet from the other end 
a. cord runs horizontally to a point in tne wall 8 feet from the ground. 
Find the tension of the cord and the pressure of the lower end of th» 
pole. 

20. A wheel and axle is used to raise a bucket from a well. The 
ladius of the wheel is 15 inches ; and while it makes 7 revoltttions» 
the bucket, which weighs 80 lbs. , rises 5^ feet, show what is the 
Smallest force that can he employed to turn the wheeL Upon what 
general principle is your answer founded 9 

21. A man wheels a loaded wheelbarrow along a level road. 
Foint out the conditions which determine how much of the total 
weight of load and barrow is supported by the wheel, and how much 
is supported by the man. 

22. If a man wants to help a cart up hill, is there any mechanical 
reason why he should pat his shoulder to the wheel, instead of pushing 
at the body of the cart f and if so, show at what part of the wheel' 
ibroe can be applied with the greatest effect. 

23. A bo ly weighing 6 lbs. is placed on a smooth plane, which is 
inclined at 30'' to the horizon. Find the two directions in which a 
f^e equal to the weight of the body may act to produce equilibrium. 
Also, find what is the pressure on the plane in each case. 

24. Ten weights, each of 20 lbs., are to be lifted to a height of 
8 ft. from the ground. Show how a system of pulleys might be 
acrranirei ko that disregarding friction and the weight of the pulleys, 
all the weights could be lifted together, by exerting a force equal to 
one ot them. Show that the distance through which this force would 
have to act, would be the same as when the weights were raised one 
by one by the same power* 
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25. Two men cany a bloclc of iron weighlue 17fl lb*., < . 
frnm a nniforia pole 11 feet long ; eauh mau a shoalder is 1 1 
6 inches front hls.4>^ pf thn pole. At what pcdnt of the pole mnst 
the iary i^eight he suspended, in onler that ona of the men ma; bear 
fonr-filHiB of tbe irrigkt bonie bjr the other ) 

26. ' A anbitanceiS-Treighed from both arms of an nneqoal baUnc*, 
and i^ apparent veigbts are 9 lbs. and 1 lbs., find the Tado betweeo, 

27>' Find the relation between the power 
P and weight W in the system of puUevs 
TspisBentci] in the figiira. neslecting the 
w&ht of the Btringft, of the iod ABC, and 
of the polios. 

If the pnllejB are Ij inches In diaweter, 
and the strings parallel and attaobed at given 
pdnti A, B, and C, to the rod snpportlnK the 
nefgbt, to what point of the rod eboula the 
wei^t W be attached, bo that tbe horiiontal 
direction of tbe rod may be maintained I 

2Q. In a qrstem of pnllejs in which a 
■eparate strijiB passes roand ench pullej, it i> 
feond that whcu the power and tbe weigbt 
■re in eqnilibriDm, and the power is cansed to 
dtacend thionj^ 8 feet, ibe weight rises 
thioagh 1 fbot. Can the mechanical advan- 
t^cc thiaanangemeut eTerbeaamuchasS! 
Gire rvasoni for ;our answer. 

29. It is asaerted that if a snbstuice be WMghed aoccessiTsly from 
the two ends of a false balance, its true weight will equal the square 
n>ot of tbe product of the two apparent weights. Prore this. 

30. Assnmln^ the tnitli of the P«Mllel<qjTam of Forcea, dednc» 
troniit the conditions. of equilibriDm of parallel forces applied to a 

81. Ennnclate precisely the law of '.'virtual velocities," and applr 
it to determine the conditions of eqnllibriam in tbe single moveable 
pulley with inclii.ed strings, and in tbe screw. 

82. State the principle of the 'Triangle of Forces." Employ it to- 
oonitmct an inclined plane oa vhich a horiKontul force of 3 lbs. will 
anpport a weight of 4 lbs., and find the resistance of the plane, 

S3. Make carefal sketches of fttj a system of weightless pulleys, 
in which 1 lb. balances 321bi,, anrl fbjt system of weightless pnlley a 
in which 1 lb. balances IS Iba., taking care in each case that the 
aikmber of polleya is the least possible, 

84. Describe soma form of balance in whichthe beam is below 
^e scale-pans. 

A body appears to weigh 2* lbs. when placed in one ecnle-pan, and. 
Sfi lbs. when plnced in the Other, find its real weight to three places. 
of decimals. 
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C— CENTEE OF GBAVm*. 

1. Explain why a man who has to cazfy a heaYy box in one haii4 
i^imst throw his body on one side. 

If the force of gravity, instead of aicting Tertically, were to act 
horizontally from east to west, would this affect tiie position within a 
body of its centre of gravity ? 

~~2. Explain why a'pluiht>-line will not remain at Test except in €»ne 
position. 

3. Show fii^om the property of the Centura of Gravi^ that in i^ 
•eommon balance it makes no difference in what part of the scale-pan 
the weight i^ pat, whether in the centre or at the edge. 

4. A solid tmbe pf wood rests by one of- its sides upon an inclined 

plane, in such-fl manner that the upper and lower edjg^es of its base 

are horizontal. IThb inclination of the plane can be increased ; and 

it is so ro>tgh ^hajt tne cube will topple over before it will slide. Find 

•at what inclination Ithis will take place. 

5. How would you fhid, experimentally, the centre of gravity of 
•a str^iiti. but n^t tiniform tod I 

A straight liever $ feet long, and heavier towards one end, is found 
to balance on a fulcrum 2 feet from the heavy end ; but when placed 
on a fulcrum -At the middle, it requires a weight of 3 lbs. hung at th6 
lighter end to keep. |t horizontal. What is the weight of the lever ! . . - 

6. Find the, centre of gravity of a system consisting of two spheres, 
8 oz. and 24 oz. in weight, connected by a rigid rod without weight/ 
the disft^nce bett^een the centres of the spheres being 1 foot. 

7. refine the centre of gravity of a body. ' 
A, triangular board is hung by a string attached to one comet.- 

What point in the oj^>osite side will be in a line with the string ? . 

8. A cylinder is placed on one 'of its ends on a horizontal plane 
su^ciently . rough to prevent sliding, and is gradually pulled by a* 
stiing attached to its upper "end until ft falls over. What part of the 
tipper suiface is just over the point of contact of the base with the' 
plane when this takes place ? • ; 

'9. A B C D E is a board of irregular figure, and it is found that 
when the boavd is hung from A, the point C is in the vertical line, 
through A, and that when it is hung from B, the point D is in the 
ywtical line through B. If the board be suspended vertically from 
the pc'int E, Qnd what, poi^t . in the perimeter will lie vertically: 
below E? ' : , ; 

10. Draw a four-sided figure with unequal sides, and describe (I) 

•a g^oibetiical, and <2) B,n experimental, method of findii]^ it^ centre 

of gravity. . • ; , 

A piece of uniform paper in the- form of a regular hexagon has one 

'Of the equilateral . tiiangles, obtained by joining the centre to two. 

consecutive angular points, cut out. Determine the position of the 

'Centre of gravity of the remainder of the paper. 



11. A cylindrical vessel weighing 4 lbs. , and the internal dept^ <>f 
^hich 18 6 inches, will just hold 2 lbs. of water. If the centre nf 
Gravity of the Tesse^, when empty, is 8*89 inches from the top, 
determine the position of. the centre of gravity of the vessel and ito 
contents when full of water. 

12. Two uniform cylinders of the same material, one of thoiti 3 
inches long and 2 in- diameter; the other 6 inches long and S in' 
diameter, are. joined together end to end^ so that their axes are in ihk 
same straight line. Find the centre of gravity of the combination. - 

13. Two heavy particles, weighing respectively 8 and 5 ouneesti 
•ar^ attached to the ends of a straight rod 8 inches long, weighing i 
•ounces. Find the centre of gravity of the system. . > 



B I 1 ^ 1 3a: Four heavy partfcles of the relative weights 

2, 3, 4, and 5, are placed at the corners A, B, C, 

and D, respectively, of a horizontal square board ; 

find the common centre of gravity of the 4 particles. 

^ Show whether the centre of gravity would change 

^ if the board wct/b inclined. ,■ ff 

14. Give examples of bodies in stable, unstable, and neutral equili- 
brium. J/ a body be in stuble equilibrium, how is ita centre of gmvity 
effected by a small displacement of the body / 

15. Equal weights (each 1 oz.) are placed at the togolar pofaita of 
•a heavy triangular lamina, and also at the middle points of i^e • eSdes. 
Find the position of the centre of gravity of the plate and weights. 

16. A Khort circular cylinder of wood has a hemis])herical end-. 
When placed with its curved end on a smooth table, it rests in any 
position in which it is placed. ; Determine the position of its centre 
•of gravity. ^ • 

17. Squares are described upon the three sides, of ai:^ isoceles right 
apgle triangle. Determiue the centre of gravity of the complete figure. 
80 formed. 

18. What is meant by the centre of gravity of a substance?' 
Define stable, unstable, and neutral equilibrium in the case of a body 
'df convex surt'itce resting 'On'a horizontal pliane ; and state the cou*^ 
nexion between the description of equilibrium of such a body and the 
position of its centre of gravity. • 

19. Exhibit and exx)lain by means of a sketch a method of deter^ 
mining, experimentally, the centre of gravity of an irregular, .flat, 
heavy plate. 

20. Define stable, unstable, and neutral equilibrium, and stati' 
the conditions of stiEibility of a body resting on a horizontal plane. 

21. A telescope consists of 3 tubes, each 10 inches in length,' 
sliding within one anot *:et. and their weights are 8, 7, and 6 ounces. 
Find the position of. the centre of gravity, when the tubes are drawii 
out to their full iengthr \ > 
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23. What is the e^tre of gravity of a body ? A line is dtawi^ 
•croes an equilateral triangle, of 12 inches side, parallel to its base» 
and so as to cut ofif one-fourth of its area. Find the distance of the 
base from the centre of ^vity of the remainder. 

23. A solid right circular cone of homogeneous iron is 64 inches in 
height, and its mass is 8,192 lbs. The cone is cut by a plane perpen- 
dicular to the axis, so that the mass of the small cone remored is 
il80 lbs. Find the height of the centre of gravity of the truncated 
portion remaining, above the base of the cone. 

24. Show that the centre of mvity of three equal weights placed 
at the angles of a triangle coincides with the centre of gravity uf tho 
triangle. A B is an equilateral triangle of 6 inches side, of which 
O is the centre. If the triangle B C be removed, tiud the distance 
from A to the centre of gravity of the remainder. 



D.-GENEBAL LAWS OF MOTION. 

WITH THE CHIEF EXPERIMENTS BT WHICH THET MAT BE 

ILLUSTRATED. 

1. Enunciate the second law of motion. 

A ball is projected in a horizontal direction from a rifle placed 1,000 
feet above the level of the sea. Find the elevation of the l>all above- 
the level of the sea two seconds after the discharge, neglecting the- 
assistance of the air. 

2. State the third law of motion ; and give a numerical appli^ 
cation of it. 

Explain the ** kick " of a gun. 

8. When a body in motion is left wholly to itself, not being itt- 
ilneticed by gravity or any other external force, what is the nature of 
the motion of translation of the body ? Give some evidence from 
observation or experiment of the truth of your statement. 

4. j^xplain thie terms "force," "weight," "pressure," and 
•* telision." 

5. Distinguish between the statical and dynamical measui*es of 
force. How are they related to one another ? 

6. A body of given mass is acted upon by a constant force. Find 
the space described in a given time. 

If a particle move from rest through 40*5 feet in 4^ seconds under 
the action of a constant force, find the acceleration. 

r 

7- What is meant by the "acceleration" due to a force ; and upon 
what does its niaghitude de^ud ? 

If the velocity of a body increase from 12 feet to 13 feet per second, 
while it moves over a distance of 5 feet, what is the acceleration f 
Indicate the course of reasoning upon which your calculation is based. 



& A mass originally at rest, acted on by a force which in -gi-^ of a 
second, gires to it a velocity of 5^ inches per second ; show what pro- 
portion the force bears to the weight of the mass. 

9. A particle moyes with a nniformly increasing yelocity. Shoip 
that the whole space described is proportional to the square pf the 
time from Ihe beginning of the motion. 

10. Explain the Third Law of Motion. 

Apply it to determine the velocity gained p^r second, when weights 
of 6 oz. and 4 oz, are attached to two ends of a string, passine over the 
edge of a table, the larger weight being drawn along the taUe by th« 
smaller, which descends vertically. 

11. Force may be defined as "any cause which tends to change 4^ 
body's state of rest, or of uniform motion in a straight line. " Mentioa 
any forces you know of, and show how this definition applies to them* 
What is Inertia ? Is it a Force I 

12. If a particle moves in consequence of the continued actioiv 
upon it o£. a constant force ; show what is the character of the resultc-. 
ing motion, and in what maimer it depends on the magnitude of^ th^ 
force, and the mass of the particle. 

As a special case, show how the resulting motion would be change<^ 
if the mass of the particle were trebled^ and the intensity of the force, 
•^ting upon it were doubled. ' ' 

13. When a particle, which is acted upon by any number of forces, 
moves during their action with uniform velocity in a straight line,^ 

show what condition the forces must fulfil. 

14. The speed of a railway train increases.. uniformly for the firstit 
three minutes after starting ; and during this time it itnivels ope mile. 
What speed (in miles per hour) has it now gained ; and what space, 
did it describe in the first two minutes ? 

15. In the last question, supposing the li^e level, and disr^arding 
friction and the resistance of th^ air^ cpmpajr^ the force exerted by lli^ 
engine with the weight of the train. . 

16. Which could you throw the fartheist, a, small ball of le^d, or. a 
ball of cork of the same si^ ; and why ? 

I7d The intensity of grayity at the suritice pf the planet Jupiter^ 
being about 2*6 times as great as it is at the surfiHse of the earth, find; 
approximately^ the time which a heavy body would occupy in falling 
from a height of 167 feet to the surface of Jupiter. 

18* State, the three laws of. motion, snd give examples of eaclu, 
A rifle is pointed horizontally with its barrel 5 feet above a lake. ' 
When discharged, the ball is found to strike the water 400 feet o£ 
Find, approximately, the velocity of the baU. 
. 19. Find the tension on a rope Which _ draws a carriage of d tons 
weight up, a smooth incline,. Pf 1 in 5, and. causes an. increase pf 
velocity of 8 'feet per second. 

20. If, on the same incline, the. rope breaks when the carriage ,has 
a velocity of 48*3 feet per second, how far will the carriage continue^ 
to move up the incUne ? 



. .21. When a body cimnges its rate of motion under the action of a 
constant force, show that tUo spate described in any time is tlie same 
a^ the space described by a body moving uuifoniily witb ti.e mean 
Velocity" for the isuime time. 

If ii body is projecced npwai-ds with a Telocity of 120 feet in » 
second, what is the greatest height to which it will rise, and wbeik 
will it be moving with a velocity d 40 feet x>er second ? 

22. I suddenly jump off a platform with a twenty pound weight in- 
my hand. What will oe the pressure of the weight on my ami while 
I am in the air ? Give a reason fcft your reply. 

23. In Attwood*s machine one of the boxes is heavier than the 
^her hyi hhlf an ounce. What must be the load ot ench in order- that 
^e overweighted box may fall, tluough one foot during the liitit second ? 

24. A balloon is carried along by a current of a|r moving froih east 
to west at the rate of 60 miles an hour, having ho motion of its own 
through the air; and a feather is dropped from the ballooi^ What 
sort of a path will it Appear to describe, as seen by a man in the 
balloon? 

. 25. Suppose that at the equator a straight hollow tube were thmst 
Tertically down towards the centre of the earth, and that a heavy body 
were dropped through the centre of such a tube it would soon siiike 
one side. Find which, giving a reason for your reply. 

26. A river one mile broad is running downwards at the rate -of 4 
mites an hour, and a steamer moving at the rate of 8 miles an honr 
wishes to go straight across. How long will the steamer take to per-' 
foim the journey, and in what direction must she be steered 9 

27. It is stated that because the earth rotates on its axis, a lump 
of l^d weighs less in Ceylon than in Spitzbergen. Explain the 
statement. 

28. What is meant by saying with reference to gravity ^ = 32 ? 
What would be the value of ^ if your units of space and time were 
miles and minutes ? 

29. A stone is let fall from the top of a railway carriage whioh is 
travelling at the rate of 30 miles an hour. Find what hmizontal dis- 
tance and what vertical distance the stone will have passed throagh 
in one-tenth of a second. 

30. At the earth's equator the hot air ascends and is replaced hr 
cold air which blows in along the ground from the poles. That which' 
comes from our hemisphere blows from the north-east instead of from 
the north. Explain this. 

31. Two masses of 48 and 50 grammes respectively are attached ta 
the string of an Attwood's machine, and, starting from rest, the latger 
mass passes through 10 centimetres in one second. Determine from, 
these data the value of the acceleration due to gravity, your tmitsi 
heing centimetres and seconds. 

32. What is meant by saying, with reference to gravity, g ^ 92f 
What would be the value of ^ if your units of space and tLne were 
miles and hours ? 



83. There are two dwnjlwirs, one of which ia in the act of xiropping- 
freely under gravity down a pit, while the other is . made to descend 
Witib. uniform velocity. A man in each chamber diuioj^ the descent 
lets go a stone which he has l^een holding in his hand. What will« be 
fhe motion of the stone in each case ? 

' 344 Supposing th< unit of force to be that force which, acting upon 
one pound for one second, produces a Telocity of one foot per second^ 
state the relation between the unit of force and the weight of one pound. 

85. Gife an account of the French system of weights and measures,! 
^nd state aoeurately the connection between the units of len^hy* 
capacity, and mass. ■ ^■ 

86. Explain what is meant by an accelerating force. If an acneler*-' 
ating force is reprissented by F, when the unit of time' is a minutd);' 
how will it be represented when the unit of time is a second ? 

37. The two ends of a string4>assing over the pulley of an Attwood's 
machine are loaded as follows : A with 16^, B with 15^ ounces. Find 
the tension at A when it is in motion downwards. 

88« (1^0 b0d^9,atEnib. together froin Test, an4?ttore in dU'Q(ti<>ns/(^t 
right' angles to each other. One moves uniformly with a velocity of 

3 feet per second, the other moves under the actibn of a oonstadt foree. 
Determine the aceeleration due to this 1^ *^;e if the bodies at the end <)f 

4 seconds are 20 feet apart. 

89. The space passed over in any time s^jiy be rept^sented by an 
area* Explain cleariy the meaning of this statement, and under what 
conditions it is true. Show how to employ it to determine the space 
passed over by a body in 10 seconds aftc^ it starts firom rest and has 
its velocity increased by 1 fbot per second at the beginning of each' 
BBoond. 

40. A mass of 488 grammes is fastened to one end of a cord which 
passes over a smooth pulley. What mas^ must be attached to the 
other end in order that the 488 grammes may rise throngh a heiie^t of 
200 centimetres in lO.secohds ? (9 ,= 980.) 

41. A mass of 6 dunces slides down a smooth inclined plane whose 
height ia half its length, and draws another mass from rest, ovei' a 
distance of 3 feet in u seconds, along a horizontal table which is level 
with the top of the plane, the string passing over the top of the plane. 
Find the mass on the table. 

42. State and explain Newton's sScond law of motion. Wliat is 
meant by the phrase " change of motion" in connection with thalt law % 

^ An ounce beins taken as the unit of a nuuss, a second as the ipiit of 
time, and an inch as the unit of length, compare the .^it pi force 
with the weight o.^ a pound. 

43. Equal forces act for the same time upon bodies of dilferent 
mass, what is the relation between the effects which they produce ? 
Describe fully the unit' of force implied in the equation P = m/. 

44. State your reason for regarding a pound as a unit of mass and 
not of force. What is the most convenient imit of force when a foot, 
a pound, and a second are units of lengthy mass, and time, respectively \ 
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45. Define acceletation, and explain how it is measured. What Ia 
the relation between th<i measure of a force, the masd on whi6h it acts^^ 
and the acceleration which it produces ? 

A body resting on a smooth horizontal table is acted on by a" 
horizontal force equal to the weisjht of two ounces, and moves oti 
the table over a distance of 10' feet in 2 seconds. Find the mass- of 
the body. 

46. A smooth, inclined plane, whose height is one half its length^ 
has a small pulley at the top, over which a string passes. To one end 
of the string is attached a mass of 12 lbs., which rests on the plane' ; 
while from the other end which hangs vertically is saspendeil a itinM 
of 8 lbs. ; and the masses are left free to move. Find the acceleration 
•and the distance traversed from rest by either mass in 5 seconds. 



IL-LAW OF THE MOTION OF FALLING BODIES. 

1, How far will a body fall from rest in four seconds ? With what 
▼elQci^ must a ball be thrown vertically upwards, in order to return 
to the hand after four seconds ? . . 

2. Ab arrow is shot vertically upwards with a velocity of 100 feet 
in a second when it leaves the bow. How long will it be before it 
reaches the ground again ? 

. If anoth«)r arrow, half the weight of the fotmto, be shot with tbe 
auaxe farce vertically upwards, how long will it be before it reaches the 
|[round again ? Point out where you apply any of the laws of motk>» 
in answering this q^uestion. 

8. When a stone has fallen from restunder the action of gravity, 
we knpLW. that at the end of one second of time it is moving with the 
velocity of 32 feet per second ; and yet during the first second it has- 
only f i^len rl^ feet. How do you reepncile these two statements ? 

4. How does it appear that the force of gravity acts on all sub- 
stances alike f'' ' i 

A person inside clings to .the roof of a railway c9.rrias;e, which then 
rushes horizontally over the edge of a precipice; What change, if 
any, in his motion wiU result if he lets go his hold ? Give a reason 
for your reply. 

5. Exfdain by reference to a diagram why a Moi^e only falls 16 
feet during tJie first second, while ^et the foix:e of gravity generates in' 
that time the velocity of 32 feet per second.- • ' 

6. A stone, after falling for one secondj strikes a pane of glass, in 
breakiilg through which it Idses half its veldcij^. How far ^l it fall 
in the next second ? 

7. A body falling with a.nnifobnly accelerated motion passes 
through 10 feet in the first two seconds after starting ; how far will it 
be from the starting point at the end of the third second. 
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8. A heavy particle is dropped fii-om a given point, and after it htm 
fallen for one second, another particle is dropped from the same point. 
What is the distance between ^e two particles when the first has been, 
moving during 5 seconds. 

9. Through what vertical distance mnst a heavy body fall from 
rest, in order to acquire a velocity of 161 feet per second ? If it con- 
tinue falling for another second, after having acquired the above 
velocity, through what distance will it fall in that time! (Qiavily 
= 32-2.) 

10. A balloon has been ascending vertically at a uniform rate for 
4*5 seconds, and a stone let fall from it reaches the ground in 7 
^seconds. Find the velocity of the balloon, and its heignt when the 
stone is let fall. 

11. If a heavy body is thrown vertically up to a given height, and 
then fjEdls back to the earth, show that, neglecting the resistance of 
the air, it passes each point of its path with the same velocity when, 
rising as when falling. 

A oall is allowed to iaM to the ground from a certain height, and 
at the same instant another biall is thrown upwards with just sufficient 
velocity to carry it to the height froni which the other one fsUs* IShow 
when and where the two balls will pass each other. 

12. A heavy particle is dropped from a height of 178f feet above a 
level plane, and while falling, ^t is carried horizontally with a nnifoim 
velocity of 3 feet per second. At what distance from its starting point 
will it strike the ground ? 

13. What is meant by saying that the acceleration px)duced by 
gravity is repi-esented by the number 32*2 ? 

From a point in a smooth inclined plane a ball is rolled up the plane 
with a velocity of 16*1 feet pet second. How far will it roU before it 
comes to rest, the inclination of the plane to the horizon being 30® ? 
Also, how far will the ball be from the starting point after 5 seconds 
from the beginning of motion ? 

14. A rifle bullet is shot vertically downwards from a balloon at 
the rate of 400^ feet pier second. How many feet will it pass through 
in two seconds, and what will be its velocity at the end of that time, 
neglecting the resistance of the air, and estimating the acceleration 
due to gravity at 32 ? 

15. A body projected vertically upwards against gravity has risen 
120 feet in one second.. What was its iniliai velocity of projection, 
and how far will it rise duiiug the next second ? 

16. A stone projected vertically upwards reached the ground again 
in t>ix seconds. What was its height above the ground at the end of 
the first second ? (gr = 32. ) 

17. A stone is thrown into the air at an angle of 45® to the horizon 
with a velocity of 128 feet per second. Show that the path of the 
stone will not be a stmight line ; and determine the amount of vertical 
deviation from a straight line at the end of two seconds^ iv«^^v^\xcw%'*Oc^a^ 
lesistanoe'of the air. (a = 32.) -c^ 
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18. A particle is projected in a horizontal direction with a Telodty 
«f 10 miles an honr, and at the same time falls nnder the action of 
jprayity. Assuming that no other forces are acting, and taking (f = S2 
uet per second, draw a picture representing the potion of the particle 
at the end of 1, li, 2i, and 3 seconds. 

19. What is the arerage velocity of a body daring the first seoond 
of its fall under grayity ; also during the first two seconds I Show 
how^ by knowing the average velocity, yon can find the whole space 
fiftUen tiirough. 

20. A body, whose mass is 100 grammes, is thrown vertically 
upwards with a velocity of 980 centimetres per second. What is the 
^energy of the body (1) at the moment of propulsion, (2) after half a 
secona, (3) after one second ? [N.B. g = 980 centimetres per second.] 

21. A stone dropped into a well reaches the water with a velocity 
of 80 feet per second, and the sound of its striking the water is heard 
i^ seconos after it is let fidl. Find from these data the velocity of 
sound in air. {g = Z2.) 

22. What is meant when it is said that the acceleration of gravity 
is 82*2 foot-second units ? 

From what experiments do we conclude that the weifi^t of a body is 
proportional to its mass ? 

29. A body is projected up a smooth inclined plane, whose height 
is <nto half of its length, with a velocity of 60 feet per second, and just 
reaches the top. Find the length of the plane ana the time taken in 
the ascent. 

24. A body is allowed to fall freely from rest. Find an expression 
for its velocity at any point in terms of the distance through whidi it 
has ficdlen and the acceleration of gravity. If ^ = 981 centimetre- 
secohd units, from what height roust a body fall in order that it may 
have a velocity of 50 metres per second on striking the ground ? 

25. A heavy body stai-ting from rest, slides down a smooth plane 
inclined 80^ to tiie horizon. How many seconds will it occupy in 
sliding 240 feet down the plane, and what will be its velocity after 
traversing this distance ? {g = 32.) 

26. What is the * * Kinetic Energy " of a moving mechanical system ? 
A shot of 1,000 lbs. moving at 1,600 feet per second strikes a fixed 

target. How &ur will the i^ot penetrate the target exerting upon it 
an average pressure equal to the weight of 12,000 tons ! 
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r.-HTDBOSTATIOS, HYDEAX7LI08, AND 

PNEUMATIOS. 

PRESSURE OF LIQUIDS AND OASES, 
ITS EQUAL DIFFUSIOK, AND VARIATION WIIH THE DEPTH. 

1. A mercurial barometer is lowered into a vessel of water so that 
tlie snrfoce of the water is finally six inches above the cistern of the 
barometer. What kirul of change will take place in the reading of the 
oolumn of the instrument ? Give a reason for your reply. 

2. If a bottle filled with air be tightly corked, and lowered into 
the ocean, the cork will be forced in at a certain depth. Why is this ! 
and what will take place if the bottle be filled with water instead of air ? 

8. If as much additional air were forced into a closed vessel as it 
previously contained when in communication with the atmosphere, 
what would be the pressure on a square inch of the internal surface ? 

4. At what depth in a lake is the pressure of the water, including 
the atmospheric pressure three times as great as at the depth of ten 
feet, on a day when the height of the liquid column in a water- 
barometer is 33 feet 6 inches ? 

• 6, Describe an experiment whichproves that the upward pressure 
of a fluid on anv substance immersed in it, is equal to the weight 
of the fluid displaced by the substance. Give a SRetoh, showing the 
anangement of the apparatus. 

6. If a bladder, containing 800 cubic inches of air, under a pressure 
of equal to that of 80 inches m mercury, be sunk to 240 feet below the 
surface of water, the barometer at the time standing at 28*5 inches, to 
what volume will the air in the bladder be compressed ? (Specific 
gravity ot mereury, 18*6). 

7. If two liquids that do not mix, meet in a level tube, open at 
both ends, show that when at rest, their heights above the common 
surface of contact, are inversely proportional to their specific gravities. 

The specific gravity of meroury is 18*6, and the height of the 
mercurial barometer is 80 inches. What is the greatest height to 
Which water can be raised by means of the common pump ? 

8. A vessel, in the shape of a pyramid, is 5 feet high, and with a 
base, 4 feet square, is filled with w&ter. Find the pressure upon the 
base, and account for its being greater than the total weight of water 
ia the vessel. 

9. Find the pressure on a vertical rectangle 10 inches long and Q 
inches wide, immersed in water, with its longer sides horizontal, and 
trith the upper one 2 inches below the surface. (One cubic foot at 
^Water w«iigns 1,000 ooAces). 

10« State the law connecting the yolumea and pressure of perma- 
nent gases at & eoBstabt tempetature, imd descnoe experiments in 

{HTOOf of it. 
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11. Explain under what cireiniutaiiees tiie |ihjmu > of a liqvid om 
the bottom of a Teasel containhig it, is different from tiie foee with. 
which jtpirmii the¥eaBdagunattl»tdbi»ooirfiickitiqgta>. #''*'*»«^^t 
for this differe&ee of pressnie. 

12. State the law connectiiig the |ihimiih of a gas with tiie weig^ 
of a constant Tolnme of the ga& 

A tamhUr inll of air is ^iced, mouth downwaidfl^ under water, at 
such a depth that the surface of the water inade is at a depth of 25( 
feet. Comparetheweigfatof aeohieindiof air in tiie tamUer widi. 
that of a ealne ineh of the air outside, the hannMter standing at 30 
indkes, and tlie ^eeific grtTitj of mercuy being 13*6. 

13. If a ejlinder, with flat honsmtal ends^ is 'sdioiDy immersed im 
water, prore that iht resoltant picssue ezeited npon it by the water 
is an npwarl pressiue, eq[Dal to the w«^t of a quantity of water of 
the same bulk as the ^tinder. 

1 4. State deaiiy the conditions requisite for the ascent of a balloon^ 
and ^ow what would be the effect of a Taiiation of barometric piessara 
on the lifting power of a balloon partially fiUed with gas. 

Taking 7*67 lbs. as the weight of 100 cubic feet of air, find, approx- 
imately, ^e Tolume of hydrogen (specific gravity compared with air 
0*07) which a balloon must contain, in order tiiat its total lilting 
power may be equal to the weight of 713 lbs. 

15. A litre (^ air at O^C. and 760 nun. barometric jiressnre, weigjlis 
1*293 grammes. Show how to find the weight of 73 litres at the same 
temperature, and under 1000 mm. pressure. 

16. Describe an experiment, showing that the jnessure of water, at 
any depth below its surfiice^ is exerted upwards as well as downwards. 

17. In a Tessd not quite full of water, and closed at the top by « 
membrane, a small glass balloon, with an opening under water, con- 
tains just sufficient air to make it float. Explain the principle on 
which the balloon sinks, when the membrane is pressed down. Will 
it rise or sink wit^i increase of pressure, when the opening is above 
water ? 

18. A cyHndrical bell 4 feet de^ whose content is 20 cubic fee^ 
18 lowered into water until its top is 14 feet below the surface of the 
water ; and air is forced into it until it is three-quarters fuIL What 
volume would the air occupy under the atmospheric pressure ? The 
water barraneter being at 34 feet. 

fltate the principles on which your answer is based. 

19. Describe an experiment by means of which the upward bearing 
preeeure at various depths in a vessel of liquid may be exhibited« and 
Dy which also it may be seen that t&e pressure is proportional to the 
depth. 

20. A square plate, whose area ia -64 square inches, is immersed in 
sea water, its upper edge, which is horizontal, bomg 1^ inches beloi^ 
the surface. Determine the wh<4e pressure of the water, on the plate 
when it is inclined at 4S° to tha horizon, assuming a ealuc inch of aea 
water to weigh '63 ounces. 
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21. How woald yoa piOTe, experimentally, that wlien a solid bodj 
k immersed in a liquid its loss in weight is equal to the weight of its 
ofwn y(dnme of the liquid ? 

22. A vessel, consisting of a decimetre cube, is filled to one-third 
of its height with mercury, sp. gr. 13*6, while the rest is filled with 
water. Determine the whole pressure against one of the sides, in 
kilogrammes. \ 

23. If ypu have a deep tank or ocean of water the pressure will be 
greatest at the bottom, and will be diminished by a definite amount 
for every foot you rise above thb bottom. Does this law hold for 
atmospheric air ? If not, in what direction does it differ in this case, 
and "vMt is the cause of thi difference ? 

24. A wooden vessel 6 inches square and 6 inches in height, with 
a neck 2 inches ^quare and 3 inches in height, is full of water. Find 
th position of the centre of gravity i>f..the water. Also find the pres- 
sure on the base of the vessel. 

25. If the heigtit of the water-barometer be 1033 centimetres, 
what will be the pressure upon a circular disc, whose radius is 7 centi- 
mwtres, when suixk in water to a depth of 50 metres * State the pres- 
sure in grammes per square centimetre. 

26. The resultant vertical pressure of a fluid on the surface of a 
body immersed in it is eaual to the weight of fluid displaced by the 
body. How is this proved by experiment ? 

27. A vessel shaped like a portion of a cone is filled with waten 
It is one inch in diameter at the top, and eight inches at the bottom, 
and is twelve inches high. Find the pressure (in pounds per square 
IucIa) at the centre of the base, and also the whole pressure on the 
base (A cubic foot of water weighs 1,000 ounces). 

28. Distinguish between liquids and gases. 

A cylindrical tube a metre in length and having one end sealed 
contains dry air at the ordinary pressure and temperature. The tube 
is dipped vertically with its open end downwards into a tuik of 
mercury, till the air within it is compressed to four-fifths of its former 
volume. Find the distance of the top of the tube from the free surface 
of the mercury in the tank, the height of the barometer bdng 750 
millimetres. 

29. A cubic fbot of water may be assumed to contain 1,000 ounces; 
while a gallon contains 10 lbs. Two gallons of water are placed in a 
cylindrical can 10 inches in diameter. Find the whole pressure upon 
the curved surface of the can. 

SO. Two vertical cylindrical vessels, A and B, are connected at the 
bottom by a very narrow tube, and stand on a horizontal table, fhe 
diameter of A is 6 inches, that of B is 4 inches. A liquid of specific 
gravity 1 '4 fills the cylinders to a height of 6 inches above the base, 
when an equal volume of water is; poured carefully on the ton of the 
Hqnid in A. Where will the common surface of the liqtdds oe when 
equilibrium has been restored ? 
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'31. The length of a bftrometei^tiibe is 90 inches, it<« diameter is ^ 
inch except for one inch of its length, where a cylindrical bulb ia in* 
serted so as to increase the diameter of the tube to 3 inches. Tka 
bottom of the bulb is 27 inches above the mercuiy in the tank. The 
lower portion of the bulb and the tube below contaiiLS mercury, th<t 
upper part of the bulb and the tube contains water. If the mercurial 
barometer rise '5 inch, through what distance will the upper sorfao^i 
of the water move, the specinc gravity of mercury being 13*67 ? 

82. What is the resultant pressure of a heavy fluid on a bodj 
immersed in it ? 

An empty balloon with its car and appendages weighs, in u^^ 
1,200 lbs. If a cubic foot of air weigh 11 oz., how many cubic fee« i 
gas of specific gravity *52 must be introduced before the balloon wili 
S^gin to ascend ? 



G.-SPBCIFIO GRAVITT, 

AND THE MODES OF DETERMINING IT. 

.1. Define clearly what is meant by Specific Gravity. Is there any 
difference m specific g^-avity between 4 lbs. of iron and 2 lbs. of th^ 
8kme metal ? 

A body whose specific gravity is 3*5, weighs 4 lbs. in water. What 
i^itv. real weight? 

• • '2. ' A solid weighs ih vaffU/o 100 mins, in water 85 grains, and in. 
iBAother fluid 88 grains. What is the specific gravity of this fluid ? 

%,' A solid, soluble in water, but not in alcohol, weighs 34Q grains 
in air, and 210 in alcohol. Find the specific gravity of the solid, that 
of alcohol being 0.85. 

4^ State precisely what information is gained by knowing the 
jljpecific, gravity of a body. 

Show how to find the specific gravity of a' solid lighter than wate^c, 
and iiot sduble in that liquid. 

^. A lump, of beesrwaz, weighing 2395 grains is stuck on « 
crystal of quartz weighing 795 grains, and the whole when suspended 
in water is found to weigh 390 grains. Find the specific gravity of 
b^-nirax, that of quartz being 2^65. 

6, A bottle holds 1500 grains of wjater ; and when filled with 
alcohol it weighs 1708 grains ; but when empty it weighs 520 graina» 
What is the specific gravity of the alcohol ? 

^. A piece of cupric sulphate weighs 3 oz. in vacuo ^ and 1 '86 ox, 
in oil of turpentine. What is the specific gravity of cupric sulphate, 
that of turpentine being 0-88 ? 

.8. A piece of metal weighs 211*6 grains in vacuo, 187*32 grains 
Ip. ivfiter, and 182*37 grains in a solution of sodic chloride. Find tha 
specific gravity of the solution. 
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9. Describe tlie method by means of which you would determine 
the specific graTitv of a substance in the fonn of powder, and ex- 
plain now to calculate the result 

10. If a piece of wood, weiring 120 lbs., floats in water with four* 
fifths of its Tolume immersed, show what is its whole volume. (One 
cubic foot of water weighs 62*5 lbs.) 

11. When equal Tolumes of alcohol (specific gravity, 0*8,) and 
distilled water are mixed together, the volume of the mixture (after 
it has returned to the original temperature), lis found to fall short of 
the sum of the volumes of its eonstituents by 4 per cent. Find the 
specific gravity of the mixture. 

12. Explain how it may be proved, ea^erimmtally, that the 
resultant pressure of a l^,uia on a pody immersed in it^s an upward 
jnressure equal to the weight of the liquid displaced. How may this 
property be employed to compare the specific gravities of two liquids f 

13. Describe, tully, an experimental method of determining the 
weight of a cubie inch of water, 

14. Explain the priAoipk which enables us to find the specifio 
gravity of a body by weighing it i^ wa^r. 

A piece of n^et^ ^ speciiic. gravity .9*$ weighs in water 56 grains^ 
What is its tn^e weight ?. 

15. A body weighs in air 80 grains, in water 56 grains, and in. 
another liquid 46 grains.. Find the specific gravity of the liquid. 

16. What becomes of the weight which the body in the last 
question appears to lose ? 

17. A wine-bottle, whlcji! below the neck is perfectly cylindrical 
and has a flat bottom, is placed in pure water. It is found to float 
upright with H inches immersed. The bottle is now removed from 
tne water And put into oil, the specific gravity of which is 0*916. 
How much of it will bQ immersed in the latter fluid ? 

18. An inch cube of ice (sp. gr. = 0*918) is floating in water, of 
which the sp. gr. is 0'i^987, Fiud accurately what wUlbe its height 
above this surffiee of the w«ter. 

19. How would you find the specific gravity of a body which floaty 
in water ? 

20. An accurate balance is totally immersed in a vessel of water. 
In one scale-paa soaie glass (sp. gr. 2*5) is being weighed, and exacUy 
balances a one-pound wdght (sp. gr. 8*0), which is pkced in the other 
9cale-pan. Find the Teal weight of the glass. 

21.. Explain the methods of deteriniuin? the specific gravity of % 
liquid (1) by weighing a sinker in it, (2) by using a specific gravity 
bottle. 

22. An inch cub^. of Sk eubstance pf specific gravity 1 '2 is immersed 
in a vessel containing tWQ fluids which do not mix. The specific 
gravities of these fluids are 10 and 1*5. Find what will be the point 
at which the «olid will rest. 
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23. What is tjie difference between density and specific gravity ? 

A rod of uniform section is formed partly of platinum (sp. gr. = 21 '0) 
and partly of iron (sp. gr. = 7 '6). The platinum portion being 2 
inches long, what will be the length of the iron portion, when the whole- 
floats in mercury (sp. gr. = 18*5) with one inch above the surface ? 

24. A body weighing 300 grammes (sp. gr. =5*0) has 100 grammes 
of another substance attached to it ; and the joint weight of the two 
in water is 300 grammes. Find the specific gravity oi the attached 
substance. 

25. Explain, generally, the nature of the corrections that must be 
api)lied when a delicate weighing is made in air, shpwing why it is 
necessary to read the thermometer and barometer, and to know 
approximately the specific gravity of the weights and also of the- 
substance weighed. 

26. What is meant by specific gravity in general, and particularly 
according to the French system of measurement ? Describe in detail 
(with a sketch) the method of obtaining the specific gravity of a liquid 
by means of the specific gravity bottle. 

27. Describe the hydrostatic balance, and show how to employ it 
to determine the specific gravity of a solid heavier than water. 

28. A piece of cop;per and a piece of silver, fastened to the twa 
ends of a string passing over a pulley, hang in equilibrium when 
entirely immersed in a liquid whose specific gravity is 1 *15. Deter- 
mine the relative volumes of the masses, the specific gravities of silver 
and copper being respectively 10*47 and 8*89.. 

29. What are the conditi<ms which must be fulfilled in order that 
a heavy body may float in a fluid ? 

A cubic foot of water contains 1,000 oz., and a cubic foot of oil 
840 oz. The oil is poured on the top of the water (without mixing), 
and a sphere whose volume is 86 cubic iivches and mass 19^ ozs. is 
placed in the mixture. How manyieubic inches of its volume will 
De below the surface of the water, the layer of oU being sufficiently 
deep for the complete immersion of the sphere ? 

30. How would you determine the specific ^vity of a solid lighter 
than water ? A piece of metal weighs 850 grains in vdcuQ, 760 grains 
in water, and 772 grains in a mixtm^ of alcohol and water. Find the 
specific gravity of the mixture. 

31. What do you understand bjr the pressure of a fluid at a point f 
A cylindrical bucket 10 inches in diameter and one foot high is 

half filled with water. A half-hundredweight of iron is suspended by 
a thin string, and held so as to be completely immersed in the waterj 
without touching the bottom of the bucket. Subsequently the string 
is removed and uie iron allowed to rest on the bottom of the bucket. 
By how much will the pressure on the bottom be increased in each case 
by the pressure of the ircn ? (A cubic foot of iron contains 440 lbs., 
and a cubic foot of water 62^ lbs. 

32. How may a hydrometer with a short and slender stem be 
adapted for the determination of the specific gravities of liauids which 
differ widely firom one another, as, for example, alcohol and con^ 
centrated sulphuric acid ? Describe Sikes's hydrometer. 
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H.-THE BABOMETER, SIPHON, COMMON PUMP^ 
FORCINa PUMP, AND AIB-PUMP. 

1. Draw a diagram representing (in section) a single-barrel alr-^ 
pomp when the piston is being lowered. 

£xplain the action of such a pump. 

If the receiver hold 64 grains of air, and 8 grains be removed by 
the first stroke of the piston, how much will be removed by the second 
stroke? 

2. Explain why a siphon cannbt be used to convey water firom ft 
lower to a higher level ? 

3. Describe by means of a diagram the common pump. Stata 
the limit to its action, and the cause of the same. 

4. Explain the action of the siphon. Is there any limit to the 
height of an embankment over which water may be carried by mean» 
of a siphon from a higher to a lower level ? 

5. Explain the action of the ordinary lifting-pump. Find the 
limit of its action ; and show that this will, be difierent at the top of 
a mountain and at the level of the sea. 

6. If a barometer W9re carried down in a diving-bell, what would 
take place ? Give a rough quantitative result. 

7. A taperine tube is bent in the middle at an acute angle, and 
being filled with water is inverted with the two ends completely 
immersed beneath the surfaces of the water in two vessels, the 
narrower leg being held vertical, and its end being only just below 
the surface. Point out the mode in which the water will flow ; and 
show when the flow will cease. 

8. Describe and explain the barometer ; and state on what pria-^ 
ciple it is used to determine the height of a mountain. 

Might it also be used to determine the depth of the sea ? 

9. Describe the forcing-pump ; and state why it cannot in general 
be replaced by a common pump. 

10. A barometer tube of half an inch internal diameter is filled 
in the usual way, and the mercury is found to stand at the height of 
80 inches. A cubic inch of air having been allowed to pass into the 
racmtin above the mercury, the column is found to be depressed 6 
inches. What was the volume of the original vacuum ? 

.. 11. Describe the construction and action of the common pump. 

12. A tube closed at one. end is filled with mercury, and the open 
end dipped below the surface of mercury in an open vessel ; if the 
tube be inclined at an angle of 60*^ to the vertical, what is the greatest 
length the. tube can have so as to remain full of mercury, the length. 
of the barometer being at the time 30 inches ? 
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13. If the height of the barometer rises from 30 inches to 30*25 
iQches, what is the increase of pressure- (in Iha.) upou a squai'e footi 
The weight of a cubic foot of water being taken to oe 1000 ounces-, 
«nd the specific gravity of mercury 13*55. 

14. Describe and explain the action of the common siphon. 

15. Describe the common barometer ; and point out the principle 
on which its action is based. 

What change in the atmospheric pressure, on a square inch, is in* 
dicated by a fail of one inch in the height of the barometer column | 
(A cubic inch of water weighs 252-7 griUns, and the specific gravity 
of mercury is 13*6.) 

16. Describe and explain the constru/ction and action of the double- 
barrelled air-pump. 

17. Describe the forcing-pump, and explain its action. If the 
«rea of the piston is 3*5 square inches, and a power of 77 lbs. is em> 
ployed in forcing it down, find the pressure of the air within the 
air-chamber, and the height to which water can be raised above the 
piston, when the surface of the water in the chamber is one foot above 
the piston. (One cuIhc foot of water weighs 62*8 lbs.) 

18. Describe the barometer-gauge of the air-pump, and explain 
how the dejgree of exhaustion of the air in the receiver is determi^ied 
by it. 

19. Describe the siphon, and explain its action. Show whether 
itwdtiid make any difierence in its action if the limbs were bent, or 
if unequal bore.' 

i ^. If there were three lae^urial barometers, and, in the first the 
space above the mercury is a perfect vacuum, in tho second it con- 
tains a small quantity of air, and in the third it contains a small 
quantity o(f V&ter ; state and explain the effect of islightly depressing 
•each of the tubes in the cistern. 

21. Describe the forcing-pump, and explain how it can be made 
kio give acohtinuoaa stream. 

The area of the piston of a forcing-pump is one square foot. Show 
'^wljiat force must be exerted on the piston in order to raise water to a 
height of 40 feet. (Weight of one cubic foot of water, 62*5 lbs. 
nearly.) 

22. Explain the confitructioji of an air-pump with a single-barrel. 
What are the objections to an air-pump of this kind, and by what 
means are they overcome ? 

23. Describe the common barometer, and state clearly the prin* 
dples on which its action is based. 

What effect is produced on the mercurial column (1) by depressing 
tiie tube in the mercury cistern, (2) by inclining the tube. 

^4. Explain the principle of the siphon, and state the limita» 
tions to its action. 
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25. Portr cnbic centimetrea of atmoipheria 
«ir are enclosed in ■ tnta OTar menary. The 
hei<;!it of ilie mercniy in the tube above the 
levd in the trougt outside being 60 centimetres 
(AB = 50). The tube U depreBsed ontU AB ii 
equal to 30 oentiaietrea. What ia now the 
volume of the air 1 (The temperataie (15° C.) 
and the height of the barometer (76 centimetres) 
Slave not changed during the obwrrationa. 

26. Describe the ej-rangement o 
in > oondeneing oit-pump. 

The capacity of the burel of a condensing aj 
pnmp is 10 cubic inches, and of a copper receiver 
100 cubic .iacheo. By Iww much mil the pres- 
nin of the air in the receiver be increased after 
~20 ettokeg of the piston. 

27. What does a barometer meunre! At 
the bottom of a mine a mercurial barometei 
stands at 77'4 centimetres ; what would be the 
height of an oil bajvinetar at the wme place, 
the specific gravity of meroniy being 13'SMl, and 

2B. The two limbs of a Mariotte's tube are graduated In inchcK 
The mercnn^ in the shorter Hmb stands at the ^Muation 4, and £va 
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^ment of the valves 1 [ 7^ 
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.. -it the gradostioQ 38. The barometer at t^e time indicates a 

pleasure of S9'& inches. Find to what pressure the five inches of sir 
are subjected, and also the length of tube whkh they would wxagf 
nnder the atmospheric presmre alone. 

29. Describe a water-level, and explain bow yon would un it te 
-determine the iliiference in level between the top and the bottnn «( 

k railway incline. 

30. Sketch and describe the common llfting-pnmp, and rtate what 
modilieations would have to be introduced in order to moke it iat* 
a force-pnmp. 

31. What is meant by the height of the barometer 1 Does Ota 
height of the barouietat va^ when the tube is inclined) If not, 

' why is it essential that the horometer tihould be vertical wbea read I 

32. By what means is the relation between the preamre and 
vidume of a given ijnantily of gas determined T 

An air-hubble at the bottom of a pond, 10 feet deep, has a voimn* 
of 000008 of a cubic inch. Find what its volume becomes when U 
just reaches the surface, the barometer standing at 30 inches, oA 
mereaiy being IS-fl tiroEH aa heavy as the water ot the pond. 

33. Ten cubic oentimettea of air are measnred ofif at atmospheite 
pressure. When introdnc-ed into the vacnum of a barometer, fher 
depress the mercniy, wliich previously stood at 76 centimetrea, and 

■ occupy a Tolnnie of 15 cc By how much has the mercorial colnma 
been depressed I 
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84. A piece of wood floats in a beaker of water with nine-tenths of 
its vohime immersed. When the beaker is put nnder the receiver or 
an air-i>ump, and the air withdrawn, how is the immersion of the- 
wool affected ? 

85. Give a sketch, and explain the principle' of action of the- 
forcing-pump. Also show by what modification a continuous sti'eam 
may be obtained by means of it. 

36. . Enunciate the law connecting the volume and pressure of a 
given weight of gas. When the height in the mercurial barometer 
changes &om 29*55 inches'to 80 'S3 inches, what is the change in the 
weight of 1000 cubic inches of air, assuming that 100 cubic inches of 
air weighs 31 grains, and that the temperature remains constantly at 
O^'C ? 

37.. How would you show that atmospheric air is heavy like solid 
and liquid bodies ; and how would you find the exact weight of any 
Toluine of it ? 

38. Explain the action of the siphon. What are the conditions in 
order that it may work propierly ? if the shorter arm of a siphon for 
emptying a vessel of water be 82 feet long, and a bubble of air occupy 
6 iAches of the tube at the end where the water enters, find the changes 
which the bubble of air undergoes while the process of emptying goes 
on. 

89. D^ribe the construction and action of (a) a force-pump, and 
{h) some form of air-pump. 

. 40. A force-pump, the diameter of whose piston is 6 inches, is em* 
ployed to raise water from a well to a tank. If the bottom of the 
piston be 20 feet above the surface of the water in the well, ami 100- 
feet below that of the water in the tank, find the least force A\hicli will 
(1) raise, (2) depress, the piston ; friction and the weights of the valves 
being neglected. 

41. A barometer tube of uniform bore is 34 inches in length. A 
small quimtity of air is left by inadvei'tence above the mercury, so that 
tht.bairometer registers 30 inqhes, when the true atmospheric pressure 
is 30*05. What will be the true barometer reading when thisbaro- 
meter registers 28 inches ? 

42. A diving-b^ll is lowered into water at a uniform rate, and air 
is supplied by a force-pump so as to keep the bell just full without 
allowing any to escape. How must the quantity (i.e., mass) of air 
supJpIied per second be varied its the bell descends ? 

48. The cylinder of a sipgle-barrelled air -pump has a sectional area 
of one square inch, and the length of the stroke is 4 inches. The 
pump is attached to a receiver whose capacity is 36 cubic inches. 
Compare the pressure of the air in the cylinder after eight complete 
strokes of the punij), with the pressure before commencing the opera- 
tion. What conditions limit tne amount of exhaustion whicti an air- 
pump can affect ? 

44. Describe fully the adjustment you would make before reading 
a standard barometer; and state clearly how" yon would adjust the 
vernier scale for reading the upper surface of the mercurial colutnn. 
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K.-OPTIOS. 

LAWS OF BEFLEOTION AND REFRACTION. 

1. Deriye a proof from a common mirror that light is reflected fnna 
a surface of glass to a smaller degree than from one of metaL 

2. Two concave metallic reflectors are placed facing one another. 
A candle is placed in the focus of the one, and light is found to be con- 
centrated in the focus of the other. Exhibit in a diagram the coarse 
-of the rays by means of which this result is caused. 

8. Show by a diagram the path before and after refraction of a ray 
of light which falls upon a plane surface of polished glass ; and show 
also the relation between the angles of incidence and refraction. 

4. Objects seen across the top of a limekiln in action appear nn* 
steady and indistinct What is the cause of this ? 

5. Apply the laws of reflection to explain the formation of image» 
In a looking-glass. 

6. A ray of light AB is at B partly reflected in the given direction 
BC, and partly refracted. What must be the direction of the reflecting 
surface at B, and in what plane must the refracted ray lie I 

7. A luminous point is placed 8 inches from the surface of a plane 
mirror, and 5 inches from the surface of a second plane mirror, at 
right angles to the former. How many images are visible to a person 
standing in front of both mirrors ? Show by a figure the apparent 
positions of all the images. 

8. What is meant by the index of refraction of a transparent 
medium ? Explain by the help of a diagram, a method of tracm^ the 
path of a ray of light in a medium — the angle of incidence of the ray 
upon the surface of the medium and the index of re&action of the 
medium being known. 

9. A straight rod is immersed in water at an angle of 45^, and 
its lower extremity is at a depth of 6 feet below the surface. Find 
the apparent position and length of the image of the immersed part! 
(Index of re&action of water, -f.) 

10. A plane mirror revolves about an axis. Explain a method of 
lascertaining, experimentally, whether or not the axis is perpendicular 
to the surfiMe of the minor. 

11. Two plane mirrors are inclined at an angle of 60^ : trace, the 
path of a pencil of rays proceeding from a luminous point between 
the mirrors to the eye, after undergoing one reflection at the sur&oe 
of each mirror. ^ . 

12. Explain in non-mathematical language what is meant by the 
'* index of refraction " of a transparent xnedinm. 

Also describe the. phenomenon known as ''total reflection *'; and 
show how its occurrence, in a given medium, is eonnected with thft 
index of refraction of that medium. 
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13. State the laws of the reflection of light by plane polished 
mrlaces ; and explain fully an accurate method of proving them by 
experiment. 

14. State the laws of refraction of light by such substances as 
water or glass ; and describe and explain experiments by which they 
Mil be demonstrated. 

15. If a small object on the principal axis of a concave mircor, 
is gradually moved up to the mirror from a point at a considerable 
dia&nce, snow what will be the simultaneous changes in the positioa 
^cful size of the image. 

. 16. - Ai^ly the laws of reflection of light to find the apparent 
Ippoaitioii of a luminous point, seen by refleoti<»i in a plane mirror. 

17. A ray of light is reflected successively by two plane mirrors, 
the plane of incidence being perpendicular to the line of intersectioa 
of the mirrors ; prove that when the mirror^ are at right angles to 
wdh other, the final direction of the ray is parallel to its original 
'direction. . • 

« 

18. When a ray ai light fiills upon a rotating mirtor, show that 
the reflected ray turns twice as fast as the mirror. 

19. A beam of light in passing obliquely from air into water is 
lieiift away from the surface of the water, and a straight stick, with 
one end immersed obliquely, in the water, appears to be bent towards: 
the surface of the water. Show that these are illustrations of the same 
law of refraction. 

20. Enunciate completely (in two statements) the law of reflec- 
tion of li^ht. Employ it to find the positions of the images of a 
bright pomt placed between two parallel plane mirrors. 

21. A beam of light issues from a given bright point 3 feet above 
the surface of still water, and falling obliquely ot. I^e surface is 
divided into two. parts, one of which is reflected and the other re« 
finaeted. Find the position of the point of incidence and its dis* 
tance from the bright point, so that the reflected and refracted beams 
may be at right angles to each other. 

The index of refraction from air to water is f . 

22. A bright point, 6 inches above the surface of still water, is 
leflected from the bottom of the vessel, which is 2 feet deep, as weU 
as from the surface of the water. Show how to find the positions. 
df the images formed by the reflections. (Index of refraction f.) 

28. Enunciate by aid of a sketch, and in two statements, the law 
of refraction when li^ht passes from a rarer to a denser meditim. 
Also point out what is meant by the critiud angle. 

24. Enunciate completely, by aid of a sketch, the law of refhiction. 
iState what you mfean by the index of refraction, and what b^ the 
eritieal angle. The index of rierfraction from air to watet is f^ 
"What is the sine of the critical angle in this case t 
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25. A horizontal ray of light falls in a constant direction upon 
a plane mirror moYeable round a vertical axis, and is reflected fromt: 
it. Show that if the mirror be turned round, through any angi0» 
the reflected ray will move through double that angle. 

26. A person observes his ima^ reflected by a sphere which hiuC 
a brilliant reflecting surface. Is his image erect or inverted, en- 
laijged or diminish^ ? As he approaches the sphere what changes 
take place in the appearance ot his image ? 

27. Sketch a concave spherical mirror, exhibiting a distant luminous 
object, and showing theposition and nature of the image of this object 

S'ven by the mirror. What defects«do we mean when we spei^ of 
le confusion, distortion, or curvature of an image, apart altogetheor 
from the optical causes of these defects ? 

28. Prove that the apparent depl^ of a luminous object beneath: 
4 Burbce of water is onj^ three-fourths of its real depth. 

The index of refraction of water is f . 

29. Explain the terms, ' ' angle of reflection, " * * angle of refraction,," 
"critical ungle." Is there any displacement of an object which ii> 
seen through a sheet of plate glass ? Give reasons, aided by a dia^ram^ 
tor your reply. 

30. Given a concave spherical mirror, how could yoa find its 
ladius <tf ourvatoi^by opftical means alone, and without Tesoiting^ to 

geometrical operations ? 

81. Enunciate completely, in two statements, the law of reflection, 
of light ; and show that both the statements are essential to a 
compJete definition. 

82. A ray of light passes from air into glass. The refractive index 
of elass with regara to air being 1 *5. Given the angle of incidence 
at the common surface, draw a diagram to show how tne angle of re- 
fraction may be accurately determined. 

33. Rays of light from a bright f;as-flame maa through a small 
pinhole in a black sc^reen, and are received on a sheet of ffround j^ass. 
bescribe by the help of a picture the image seen on the mass. What 
would be tne effect of making the pinhole square insteaa of round ? 

34. Completely enunciate in two statements the law of reflection 
of light ; and show how to find the chief focus of a concave spherical 
mirrorji ' ^i- 

35. Assuming the laws of the ordinary reflection of ligYit, nnd the 
position of the image df an object placed in front of a plane milror, 
what are the limits of position of the object (the mirror being sup- 
posed fixed) so that an image of it may be formed by the mirror ! 

86. AVhat is meant by the refractive index of a substance ?? Ex* 
plain the fact that an aquarium tank appears to be much shallower 
(froth front to backj than it really is ; and pmnt out in what way the 
difference between the apparent and true tniekness is connectediwith 
the refractive index of the water in the tank. 
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87. A plane mirror in the shape of a circle, revolves about a vertical 
diameter. A fixed liorizontal ray of light falls upon its centre and is 
^ere reflected. Prove generally that u" the min'or move through any 
angle, the reflected ray will appear to have moved through double that 
angle. 

38. If tlM refractive index of a ray of light in passing from air into 
water be ^, and in passing from air to glass be |, find by aid of a dia* 
gram what it will be for the ray when passing from water to gla^s. 

89, State, and show how to prove, the law of refraction by plane 
surfiEices. 

40. An arrow, pointing towards the observer, is seen by internal 
reflection in an isosoeies nght angled pnsni. Explain the difference in, 
and give a sketch of, the images s6en according as the prism is three- 
sided or a four-sided Woilaston prism. 

41. State the laws of refraction of light, and describe some method 
of verifying them experimentally. 

42. Light proceeds from a point at the bottom of a lake. Make a 
careful drawing of the pencil of rays after emergence f|x>m the water, 
and find Ube geometiioal focus of the pencil. 

43. What is the critical angle of a transparent medium ? Describe 
what a fish would see on looking towards the surface of the water in 
directions dilSSerently inclined to the horizon, and illustrate your 
description by a diagram. 

44. ; State the laws of refraction of light. Explain clearly by aid 
of a diagram why the bottom of a lake appears nearer to the sim ace 
than it really is. 

45. liow would .you experimentally verify the laws of refraction ? 
What coiidition is necessary in order that a ray of light may be able to 
emerge from the plane surface of a refracting medium ! 

46. Show by a drawing how you would employ a right-angled 
isosceles glass prism to bend a beam of light at right angles. "Will 
Any light h^'losi at th« hypothenuse ? State fully the reason for your 
answer. 



L.— FORMATION OF IMAGES BY MIBBOBS AND 

SIMPLE LENSES, 

1. Define the focal length of a lens. If you were given a con- 
'vex lens, explain how you would proceed to find its' focal length. 
Would your method succeed if the lens were concave ? Give a reason 
ibr your answer. •r 

2. Show by diagrams why an object appears larcer when viewed 
through a double-convex lenSj but less when viewed tiirough a double- 
-"concave lens 
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8. When yon use la lens for magnifying an ol^ect, as in a pair of 
Q)ectacle8, the object seen does not appear inverted, but when vou tise 
it for the purpose of throwing the image of the flame of a candle upon! 
a screen, the image appears inverted. Explain this. 

4i', ' Draw a good ^gure representing the course of a pencil of rava 
from a luminous point at some distance, through a convex lens, the 
point being in the axU, 

If a pluie mirror were held at the focus to which the rays ave 
brouglit, and peri)endicular to the axis of the lens, where would it send 
the rayj ? 

5. Explain how a convex lens of short local length enables one to 
see mil ute objects magni&ed. > 

6. >iXplain how to find, experimentally, the focal length of a con- 
vex len I. . . 

if a >mall olject and its image be at a distance of 6 and 2*5 inched 
on opposite sides of the lens, find the focal length of the lens. 

7. ''.lie imapfe of a lamp flame is to be foimed upon a screen, at a 
distan'ie of 6 feet • by^ means of a convex leus. What is the greatest 
focal !:eugth admissible? With a lens of such focal length what 
relation will the size of the image bear to the size of the flame Y 

8. Describe the action oi a convex lens upon the following laya 
proceeding from a luminous jioint outside the principal axis : — ' 

(a) A rav passing through the principal focus nearest to the 

luminous iwiut , 
{h) A ray passing tnrough the optical centre. 
[c) A ray parallel to the principal axis. 

iShow how to find, approximately, by tracing the paths of two raya 
from each extremity -oli' the objc^ct, the position and size of the image 
formed by a convex, l^ns^ 

9. If a candle is placed at a distance of 6 feet- from a wall, and a' 
dibtinct image of the flame is produced upon the wall by a lens held at 
one foot from the candle, show that a distinct imaae will also be pro-« 
duced, when the lens is 5 feet from the candle ; and compare the sizes, 
of the two images. 

10. Explain how to draw a figure to represent the formation of 
a real iiingnified image of a small object by a lens. If a real imatfe, 
five times as high as the object, is to be thrown on a- screen at a <u»- 
tance of 36 inches from the object, show what must be the focal 
length of the lens employed. 

11. An object is moved from a considerable distance, on the prin- 
oif)al axis of a convex lens up to the lens. Find the corresponding 
changes in the position and size of the image. 

12. A simple lens is used as a magnifier. Sketch the relative 
positiouH of the object (an arrow) and its image. 

The same lens is used as in jihotography. Sketch the relative 
positions of the object and its image. 
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18. A candle flame is placed at a distance of three feet from a 
€9noaye mirror formed of a portion of a sphere, the diameter of which 
U d feet. Determine the nature and position of the image of the- 
candle flame projiuced by the mirror, and state whether it is ereet or 
inyerted. 

14. What is meant by the focal length of a convex lens f ■ Shovr 
how to 'find it (1) by ajid of the son, (2) by an art^al flav^ 

15. A pocket lens is nsed to magnify a small objed;. ' RTplaih Why 
(1). tiie lens and object are brought close together, and (2) the ob« 
iurver's eye must be generally dose to the lens. 

16. When an object is to be photographed, an image of it is first 
thtaiDed on a ground-glass screen by means of the lens of the camera. 
Describe the nature and position of this image, atid ei^lain its. 
formation. 

17. Given the focal length of a convex lens, explain generally how 
i;t is pofisible to find the size of Hhe ima^ of thci sun which such 
a lens will give. In what respect will this image be altered by dimin- 
ishing the area of thQ lens without altering its curvature ? 

18. The chief focal length of a lens is 12 inches ; how far must I 
place a luminous obifict from the lens, in order to obtain an image- 
twice as large every way as the object ! 

19. Describe the two main categories 
ifindfer which lenses may l)e. classifiea. 

A lens of water, as in the figure, is 
•niolos^d in a rectangular envelope of 
glass. What kind of lens will the com*, 
bination form ? 

20. An object 6 inches lon^ is placed GLASS. 

syininii^tncaUy on the axis of a convex 1 

i^ihet^al mirrot, and at a distance of li2 

inches from it. The image formed is found to be 2 inches long. What 

i^ the focal length of the mirror ? 

21. A man, six feet high, sees his image in a plane mirror hung on 
a wall. The top of the mirror being six feet from the mround, deter- 
lidne its smallest length in order that the man may see, his full-length 
image in it. 

22. Show how to find the position of the itnage of an atirow placed 
i^ front of a concave spherical mii^ror. Explain wheii it is an erect 
and when an inverted imag^. 

28. Explain the formation of images by a concave cylindrical 
mirror. Find the relation between the distances of the two conjugate 
fb«i from the mirnMr. What is the position of the image of a point 
which is at the distance of the diameter from the itiflecting Surface of 
the cylinder ? v 

.. 24. An object is placed in front of a concave mirror. Show how 
tb determine by a geometrical construction the position of its image,. 
tig/i'^ whether it is erect or inverted. 
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25. A coBveEz lens of 6 i^hes focal length is placed at a dutanee 
of a foot firom 'a Ituninoos circle e:i inch in diameter. A convex. 
spkeirical rcdiectoar of one- foot radius is placed coaxial with the lens and 
circle and at a distance of 22 inches from the lens. Where will images 
of the circle be fo^lp^dt "v^hat will., he the lengths of their respective 
diameters, and will, they be earect or interted ? * 

26. A small object is placed in front of a concave spherical mirror 
of .6 inches radius, at a distance of 4 inphes from the surface of the 
mirror. "Where will its image' be situated T "Will it be erect or inverted, 
and what will its dimensions be. compared with those of the object T 
Where must the pbject be that the image may be of the same size ? 

27. What is the focal length of a: lens, and how "^i^ yon deter- 
mine it experimentldly ? Ib the case of a convex lensi if the object 
be as near as possible to the image, where must the lens be ? 

2S. What is the focal length of a lens ? 

A circle an inch in diameter, a convex lens whose focal length is 6 
iiuihes^ and a second convex lens whose, focal length is 10 inches are 
placed so as to haive a coi0m<»i axis. The distance from the circle to 
the first lens ia 20 inches, and from the first lens to the second 36 . 
inches. What images of the circle will be formed ? where will they 
be situated ? and what wiU be their dimensions ? 

29. Explain, the formation of images by means of a concave 
spherical mirror. How would you determine the focal length of such 
a mirror ? 

80. Explain the formation of an image by a convex mirror. The 
ndius of a convex mirror is 6 inches. If the linear dimensions of an 
obiect be twice those of its image, where must each be situated f 
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li.-S0XJB0E8 OF HEAT. 



N.-EXPANSION. 

1. One gallon of air (277^ cubic inches) is heated under constant 
pressure from 0*^0. to 76*'C. Calculate the volume of the air at the 
latter temperature, assuming the co-efficient of expansion to be '00366. 

2. At what temperature is water at its point of greatest density ? 
What effect would continuous frosty weather have on our lakes and 
livers if the water expanded and contracted according to the same 
rale as a piece of solid iron ? 
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8. A room is calculated to hold 60 cnbic metres of air at 10^., 
and 700 millimetres pressure. What would be the volame of this 
same quantity of air, if it were measured at O^G. and 760 millimetres 
pressure ? 

4. One •hundred cubic centimetres of air at O^C. are heated to 
300*^0. under constant pressure. What will be the volume of the air at 
the higher temperature, if the co-efficient of expansion is 0*00366 ? 

5. Define the terms ''co-efficient of expansion/* and "mean eo* 
efficient of expansion. " 

If the coefficient of e^ansion of atmospheric air for the centigradiB 
scale be i; f^, find the temperature to which 500 cubic centimetres of 
air (measured at IS^'G. ) must be raised in order that its volume may 
become 700 cubic centimetres, no change of preilsnre taking place 
meanwhile. 

6. Describe an apparatus by which the coefficient of expansion of 
a gas may be found. 500 cubic centimetres of oxygen gas are measured 
wnen the temperature is 20^0., and the temperature is then raised to . 
40^C., the pressure meanwhile remaining mvariable. What is the 
volume of the oxygen $t the latter temperature I (The coefficient of 
expaxision of oxygen is TrSir') 

7. A thousand cubic inches of air at a temperature of 80**C. nre 
cooled down to zero, and at the same time the external pressure upon 
the air is doubled. What i» its volume reduced to, the coefficient of 
expansion of air for 1*^0. being 0-00366 ? 

8. State, precisely, the law which regulates the connection between 
the temperatui-e ^na the pressure and volume of a gas, and show that 
the statement of this htw will be the same, whether we study the in- • 
crease of volume of a gas whose pressure is constant, or the increase of 
pressure of a gas whose volume is constant. 

9. Explain the phrase " mean coefficient of Mflear expansion of a 
substance between 0** and t® ; " and show that the coefficient of 
cubical expansion of a metal is very approximately equal to three 
times its coefficient of linear eotpaiision. - ; 

10. What is meant by thie ** point of liaaximum density " of water t 
Sketch and describe an apparatus by which this point may be deter- 
mined. 

11. Describe sooie accurate method of di0tenp(lfling the coefficient 
of linear expansion of a steel bar. If the expansion of steel is | that of 
brass under the same change of temperature, what will he the best 
arrangement of rods of these metals to form a.gridiron pendulum ? 

12. What is meant by the real expansion and apparent expansion 
of a liquid ? Explain how to determine the apparent expansion of 
mercury. 
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0.-THEBM01USTEB8. 

BELATIONB BBTWISBN DIFFEBXHT SCALES IN COMMON USB. 

1. What degree of Centigrade coTresponds to — 40*T. ? (Give the 
detaib of the calculation.) 'W'hat degree Fahrenheit corresponds to 

2. What degree of the Centigrade scale corresponds to 85* F. ? 
and "what degiee of Fahrenheit scale to — 40^ C. ? 

8. Express the temperature of 40^ Fahrenheit on the Centigrade 
scale ; and express the temperature of — 40*^ Centigrade on the 
Fahrenheit scale. 

4. What tetnpenuhite on the Centigrade scale oorresj^ds to — 40* 
F. ? Show how you obtain the answer. A given liquid is found to 
boil'and distil at 200^ C, at the ordinary atmospheric pressure (760 
mm.), nndergoinff at the same time partial decomposition. How 
could you cause the liquid to boil at a lower temperature, allowing of 
its being distilled without deeom position I . 

5. How is a thermometer graduated ? Describe the three scales in 
common use. Express — 80^ F. and + 827^ F. in terms of the 
Centigrade scale. 

6. Describe the process of filling and closing a mercurial thermo- 
meter. It is sometimes found that when a mercurial, thermometer is 
placed in melting ice, the temperature indicated is not zero, but a 
nactiou of a degree above zero. How is this expired ? 

7. Suppose that you wish to rerify the accuracy of a Centigrade 
Thermometer at its freezinff and boiling points. Describe indetfdl 
how you would proceed to do so. Whion point would you eommence 
with ? Give a reason for your reply. 

8. If the bulb of a thermometer with a fine stem be immersed in 
hot water, it is sometimes noticed that the mercury falls before it 
begins to rise. Explain this. 

9. Define temperature. Having filled and sealed a merQurial 
thermometer, how would you determine the freezing and boiling 
points upon its 5rtem, and how will the X)08itions of these points change 
with the lapse of time ? 

10. Show how to convert temperatures expressed in the Centigrade 
scale into degrees Fahrenheit and viee versa, . The number expressing 
the temperature of a body in degrees Fahrenheit is double that ex- 
pressing it in degrees Centigrade. Find the ten^perature* 
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P.-DIFFEBENCE BETWEEN TEMPEBATUBE AND 

QUANTITY OF HEAT, 

1. Why. do we generally speak of degrees of temperature, rbut 
gwirUUies of heat ? 

''If two bodies are in thermal equilibrium with the same body, 
they are in thermal equilibrium with one another." How would you 
prove this statement experimentally ? 



Q.-SPEOIFIG AND LATENT HEAT. 

CALOBIMETBRS, LIQUEFACTION, EBVLLI'^ON, XVAFORATION. 

' 1. Let a mixture of ice and water be placed in a room of which 
the temperattlre is 70^ F. What indications will be obtained from « 
thermometer immersed in the mixture as lonjg as some iee remains ? 
' £i;plain the i^oh. 

- 2. Explain the relation between the boiling point of a liquid and 
the pressure of the atmosphere. Illustrate your explanation by two or 
. three examples. . 

8. A piece of iron is heated to 100^ G. by prolonged immersion in 
'boiling water. Describo the apparatus which you would employ, and 
the operations which yon would perfonn in oi'der to determine the 
{quantity oCheat giye& off by the iron in cppling to 0? C. 

4. Wate^ is said to- boil at the top of Mont Blanc at Sd^' G. ; oh 
Mount Sf ; Bernard at 92<^ G. ; and in London at about 100^ C. 
Explain fully the causes of these differences, 

'5. What we^ht of ice at 0** 0. will be melted by one kilogramme 
of water at 40^ G., the heat of fusion of ice being taken as equal io 
80* G. ? (One kilogramme =1000 grammes,) 

6. Describe the principle of the process you would adopt for the 
determination of the specific heat of a metal. 

1000 grammes of water are heated 0*114*^ C. by the heat given off 
when 100 grammes of iron are cooled from 20* to 10*. Galculate from 
these data the specific heat of iron. 

7. One kilogramme of ice at 0* G. and 3 kilogrammes water at 
79* G. are mixed in a closed vessel the sides of which are supposed 
impervious ■ to heat. What will be the temperature of the water 
after the melting of the ice ? (Latent heat of water 79^. ) 

8. You find by experiment that the heat of the flame of a single 
spirit-lamp is sufficient to boil 6 ounces of water at 100* 0. in an open 
evaporating dish. Two flames, each having the same size and tem- 
perature as the one first mentioned, are not able to render the water 
and escaping steam hotter than the single flame was able to render 
them. Why not? 
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How much Bteam at 100^ C. is required to raise the temperature of 
54 ounces of water from 0^ C. to 100^ C, the latent heat of stean^ 
ibeing taken = 540° ? 

9. One pound of boiling water at 100^ C. is placed in contact with 
•one pound of mercury at 0^ C. ; heat is transmitted from the water to 
the m^cory, till both are at the same temperature. Calculate thiB 
temperature in degrees of the Centigrade scale. (Specific heat o|^ 
mercury, 0*033.) 

10. The heat produced by the complete combivstion of one gramme 
of carbon, in a calorimeter, can convert 100 grammes of ice at 0° C« 
into water at 0^ C. How many grammes of water could be raised by 
the same amount of heat from 0° C. to 1° C. (Latent heat of watet 
80.) 

11. How much ice at 0^ C. can be converted into water at 0*^ C^. 
by an ounce of st^am at 100® C, if we assume hei^t to be transmitted 
from the steam only to the ice ? (Latent hdat of water 80. Latent 
heat ti steam 586.) 

9 

*12. Define the dew point, and describe any instrument by whiclk 
it may be found. 

18^ It is found that a kilogramme of il^ater at 100^ C. mixed with 
•a kilogramme of melting snow, without loss of hedt gives two kilo- 
fpummes of watev at 10 '3** C> 3ho,\7 how to find Ax)m this the latent 
heat of water. 

Ill • , , 

14. Water is boiled in two tubes, the depth of w^ter in the oof 
being 6 inches, and in the other 24 inches. 1 find that at a temperature 
lif hen bubbles of steam rise ftoTa the bottom of the oiie tube they dp 
not rise from that of the other. Explain this. 

15. Distinguish between M^i and TempercUnkre, Compare the 
quantity of heat necessary to heat one pound of water from 0® to 1® C, 
with the quantity necessary to convert one' pound of ice at 0® C. into 
steam at 100^ C. (Latent heat of water 79*25. Latent heat of 
steam 536.) 

16. Of four barometer tubes standing in the same cistern of mer* 
<cury one has the ordinary Torricellian vacuum, while .tiie other three 
have, respectively, a little water, a Uttle alcohol, and a little ether im 
their Torricellian chambers. Will these additions (all of small weight) 
cause any perceptible change in the lengths of the various columns | 
Give a reason for your reply. 

17. A glass fiask filled with boiling water and steam is corked, 
and immediately removed from the source of heat. It will presently 
cease boiling. If now cold water be poured over that part of the 
flask filled with steam, it will commence boiling again. Give a full 
explanation of this, and a complete enunciation of the law made use 
of in your explanation. 

18. What is a calorimeter? Sketch and describe the calorimeter 
.of Laplace, commonly called the ice calorimeter. 

* Should be inserted in ClaAS R. Error discovered too late for correction. 
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. 19. A pound of common salt and a pound of water, both at temp. 
15® 0. are mixed together, and the salt dissolved. Does any change 
of temperature take place ? Give reasons for your answer. 

20. It is found as a result of experiment that 25 grammes of 
copper, at a temperature of 100® C, are just sufficient to melt 2*875 

frammes of ice at 0® C, so that water and copper are finally at 0® C. 
ind from these data the specific heat of copper, taMng the latent heat 
6f water to be 80. 

21. Water may with care be cooled down to a temperaiaire con- 
siderably below zero without freezing ; but when agitate^, some of it 
freezes, and its temperature rises to zero. How do you explain these 
phenomena? 

22. The specific heat of mercury is said to be ^V ; what does thiB 
mean ? If the heat yielded by one kilogrammei of water in cooling down 
from 100** C. to 0** C. were employed iii heating ten kilo^ammes of 
mercury initially at — 20® to what temperature wpuld it raise it ? 

23. State the laws of the boiling of liquids. Explain in what way 
these laws have been made use of to determine the relation between 
the pressure and temperature of the vapour of water. 

24. Distinguish between a gas and a vapour. Is Boyle's law 
obeyed by a vapour ? 

A vessel contains 2 cubic inches of w;ater and 50 cubic inches of 
steam at 100® C, and at atmospheric pressure. What change will 
take place in the pressure when the volume of steam is diminished ta 
25 cubic inches, without any change of temperature t 

25. State fully what informatipn we gain from the statement that 
the specific heat of copper is 0*095, and that the latent heat of water ia 
80 ? What is the connection between the specific heat of a body and 
tlie rate at which it cools in a chamber which is kept at 0® C. ? 

26. Distinguish between evaporation and ebullition, and define the 
boiling point of a liquid. 

The maximum pressure of aqueous' vapour at 80® C. is 354 mm. A 
vessel of water at 80® C. is introduced into a receiver containing dry 
air Ht the same temperature and at a pressure of 200 mm. By working 
an air pump and by supplying heat both the pressure and temperature 
are kept constant. Describe fully what will take place. 

. 27. What is meant by the latent heat of steam ? Describe some 
Inethod by which it can be determined, mentioning the chief pre- 
cautions which must be taken in carrying it out. 

28. Distinguish between evaporation and ebullition, and define the 
boiling point. How is the x>ressure of aqueous vapour in a saturated 
space anected by the presence of air or other gases ? 

29. Define the Latent Heat of Fusion of a substance. 

The latent heat of fusion of ice is 79*5. Its specific gravity is '917. 
Ten gnimmes of metal at 100® C. are immersed in a mixture of ice and 
water, and the volume of the mixture is found to be deduced by 125 
cubic millimetres without change of temperature. Find the specific 
heat of the metal. 
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8P. What is the Dew-point ? 
, Expilaiii why t^o vohilnes of air at different temperatures, neither of 
irhich is saturated with ac[Ueous vapour, may, when mixed, produce st 
cloud. 

I 3li Define latent Tieat^ specific heat, capacity for heat, coefficient of 
tithic eoBpOTision, and thermal conductivity. 

How would you determine the. capacity for heat of a copper vessel ? 

',,\t%- Distinguish ..between evaporation and ebullition. What 
condition determines whether a liquid will boil or evaporate ? 

A closed vessel is half full of water and hajf full of dry air, all at' 
0^ C. and at ordinary pressure.' On heating the vessel the pressure is 
found to rise to two atmospheres, though the temperature is several 
degreed below lOO*' 0. Account for this. 

See also 4.. 



E.-001ffDU0TI0N, OONVEOTION, RADIATION. 

• • ■ ' 

1. When the rooms of a house are heated by means of -hot water or- 
liot air, the heat is said to be transmitted by convectioTi from iihe 
jfumace to the rooms of, the building ; while if you place your ^and 
upon a piece of hot iron the heat is communicated by condition 
.^m the metal to your body. 

Ilxplain what is meant by the terms convection and eondttctian, 

. 2. A basin contains a layer of mercury and one of water. Ton 
immerse your hand in such a way that one part of it is in the mercury, 
and the other in the water. Explain why the mercury feels colder 
than the water, although both liquids are at the same temperatui'e. 

3. I look at a uniform furnace through a long cylindrical tube 
held close to my eye, and, as 1 recede from the furnace, I find no 
falling off in the light and heat which reach my eye, until 1 am so far 
from the furnace that I can see more than it through the tube. 
Explain this. 

4. A source of heat is applied equally to the extremities of two 
similar bai-s, one of copper and one of iron ; and on each bar there is 
a piece of phospliorus two inches from the source of heat . That oa 
the copper takes tire first. Dpes this experiment entitle us to conclude* 
that copper has greater thermal conductivity than iron ? If not, ex- 
plain in what respect it is deficient, as a proof. 

5. A plate of glass, two-tenths of an inch in thickness, will not, 
when heated to 100** C. and then put before a thermopile, radiate 
more than a plate whose thickness is only one-tenth of an inch. But 
if rock-salt be used, the plate of double thickness will radiate decidedly^ 
more than that of single thickness. Explain the difference. 

6. What is the cause of the deposition of dew ? State the various, 
circumstances which influence this deposition and show why thejr 
do so. 
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7. Define tlie absolute conductlylty of a substance. A metal plate 
•a quarter of an inch in thickness and two feet square^ has the whole- of 

one face in contact with water which is kept boiling, while the other 
face is in contact with melting ice ; and it is found that 300 lbs. of ice 
are melted in one hour. Find the absolute conductiyity of the metal, 
stating clearly the units you employ. 

8. Distinguish between conduction, conyection, and radiation. 
Describe some method of comparing Uie thermal conductivities of 
metals. 

9. How would you' compare the thermal conductiyities of hnm 
and copper? 

Two equal cylinders, one of iron and the othei of bismuth, ave 
•^sovered with wax and simultaneously placed on end on a hot metal 
plate. At first the melting of the wax advances most rapidly on the 
oismuth bar, but when it has melted about an inch up the cylinder the 
iron overtakes the bismuth, "aiid Wen the melting advances more 
rapidly on the iron bar. Account for these phenomena. 

lOi Desciibe asL<experiment which shows that the absoorbing^ power 
■of a surface 18 prbportiohal to its radiating power for the same rays. 
How do you account for the apparent radiation of cold ? 

' 11. Explain the formation of dew, stating the conditions whicl^ 
-We favourable to its deposition, and Why. they are so. 
' How do you account for the efficiency of a glass fire-screen, whili 
the interior of a greenhouse is rendered much hotter than the air out^ 
«de by ithe sun's rays alone ? 

6ee also Q 12 and 30. 
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CHEMISTRY OF THE NON-METALLIC ELEMENTS; INOiaTDINQ THSI^ 
COMPOUNDS AS ENUMERATED BELOW— T^EIR CHI^F ^TSIOAL 
AND CHEMICAL CHARAOTIIRS-^THEIK TB^ASJiTlQ^-n-AJm^ TWBJt 
CHARACTERISTIC TESTS. f 
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A.-OYYGEN. 






1. Describe' the ^i^pftration of oxygen {ipn^ . c^]pjc9,te o|f p6i;f^iI^ 
Give symbols of ttie decompiosiliotii py- what' niief^^'.^an; oxygen )|f 
separated from atmospheric air» aud obtamed ini a|jpn4:^^f6]rm 1 ; ! , [ 

2. Four bottles, containing oxygen, hydrogen, nitrogen, and 
xshlorine, respectively, are given to you, with the request to determine 
the nature of the gas in each b pttle. H ow would you distinguish each 
of these gases from the others ? 

3. Describe some of the most important natural substances in 
which oxygen is contained ; and e«»l^n, ti^e preparation of the gas 
from the black oxide of manganese'. Nam'ethe substances which are 
formed when carbon, hydrogen, phosphpzas» MSbd isplphtur/ ie»p6ktivdly» 
«re burned in, an ejxcessqf oxygen, ; : = n .,• .| 

4. Describe how you would distingi&Bh'Oxygitt' fi^^otiimott sliK 
Wixat class of bodies 4o we call oxides I. . JJiTamfa aoniie'.oacides of tui acid 
nature and some basic oxidest ., . » . i' . - : .' , ,• '•' , 

5. Describe and explain the preparation of oxygen from pota^i 
chlorate; and n^me the substances whii^h. ave* formed when carbon^ 
hydrogen, .sulphur, and phosphorus, are rbspectiv^ly burned in ait 
«xccss of oi^gen. Which of the following Dodiei oaa be burned in 
oxygen : — sulphur, nitrogen, coke, sulphurous acid, wax, iodine^ 
'Chlorine and ammonia ? 

6. Describe by equations, ^as many processes as you know, for tha 
preparation oi oxygen gasc 

7. A given sample of gas is found to have the property of kindling 
i( glowing splint of wood^ jSnumerate the reactions by which you 
would decide whether it consists of oxygen or of nitrous oxide. 

8. Describe how you would prepare pure otygen ; and give ani ontr 
line of the leading properties- of this element. 

9. Describe and explnin the preparation of oxygen from merctiri6 
oxide. Oxygen is said to be a pemrabent gas and a great supporter of 
combustion. Illustrate each statement by a description of one or tw6 
«xperiments. ' ^ 
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10. A watcn-spring is burned in a closed vessel of oxygen. State 
(a) whether the weight of the bottle and its contents is affected by the^ 
combustion ; {b) what is the nature of the product formed by the com* 
bustion ; (c) whether the grey metallic-lopking globules found at the 
bottom of the bottle after the experiment con3ist of metallic iron ; (d) 
whether the whole of the oxygen originally filling the bottle is still 
present, and if so, in what forms. 

11. Explain by chemical formulae three distinct methods by which 
oxygen gas can be prepared. 

^^'12. Describe the preparation of oxygen from potassiic chlorate. 
fiow many ounces of oxygen can be obtained from 115 ounces of 
potassic chlorate. 

18. Explain by means of aymbols the decomposition of mercuric- 
oxide by heat. Why are oxygen and mercury considered to be chemical! 
elements? 

14. Describe how you would ascertain by experiment whether a gas 
oompbsea of one rolume of nitrogen and one volume of oxygen is a. 
itoechanioEil mixture- or a chemical compound of the two elements.. 
Describe Und explain the preparation of oxygen from potassic chlorate. 



B-HYDROGEN. 

t Ir Describe the jnreparation of pure hydrogen. How would you' 
prove that hydrogen is lighter than air ? . Wliat substance is formed 
when hy<^ogen is burnt m air or in oxygen ? 

.2. How would you prepare the following gases — hydrogen, 
chlorine, and nitrogen ? Give in each case an explanation of your- 
j^raicess. 

3. Describe how you would prepare hydrogen from water without 
tha assistance of an acid ; ana explain your process. How can a 
mixture of two volumes of hydrogen and one volume of oxygen be- 
converted into water ? 

4. Describe how you would prepare hydrogen from water, zinc, 
and sulphuric acid ; and explain your process by means of symbols. 
Sketch the leading properties of hydrogitoi, and enumerate native 
compounds of this element. 

6. How would you show that water is formed when hydrogen is. 
permitted to bum in air ? How would you eitract oxygen from 
water ? Explain your process. 

6. Describe how you would prepare hydrogen fh)m water, and 
lei^plain your process. Two bottles, one filled with hydrogen and the 
pther with marsh-gas, are given to you with the request to ascertain 

Shicuh of the two contains hydrogen. Explain how you would solve 
le problem. 
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7. Describe how you would prepare hydrogen, and explain your 
method ? 

Two bottles are giyen ; one contains hydrogen and the other marsh- 
.gas : how would you ascertain by experiments which of the two con- 
tains marsh-gas ? 



O.-OABBON. 

1. Diamond, graphite, and charcoal are called modifications of the* 
element carbon. Why do we assume that these substances represent- 
different forms of the same element ? 

2. Explain why oxygen, hydrogen, nitrogen, and carbon are con* 
sidered to be elements. Describe one experiment by which you could 
prove that diamond and graphite consist of the same element. 

8. A solid substance is suspected to contain some compound af 
carbon. How would you ascertain, by experiment, whether sudh is: 
the case ? 

4. Carbon is said to exist in three allotropic modifications.. 
Describe fully why diamond, graphite, and charcoal are considered t& 
be modifications of the element carbon. ' " 

6. A crystal is given to you, and you are requested to ascertain by 
a chemical experiment whetner it is a diamond or a common roclc^> 
crystaL Describe an experiment which will fuiiiish the required in- 
formation. ' 

6. A splinter of a colourless transparent solid body is given to you." 
How would you ascertain (a) by physical tests ; (6) by chemical testa 
whether this is glass or diamond ? 

7. What is the action of oxygen and of sulphui^ separately tipon 
red-hot charcoal ? 

8. Describe fully why diamond, graphite, and charcoal are con- 
sidered to be allotropic modifications of me element carbon. 



D.— NITBOGEN. 

1 . A piece of dry pho^hbrus is sealed up in a tube with atmo- 
spheric air and gently heated. What is the action of tlie phosphorus 
in til is exi)eriment I Describe the properties of the gas which is hift. 

, 2. Name the most important natural substances in which nitrogeni 
is contained ; and describe how you would prepare nitro<;en. |*'numer^^ 
ate the priiici|»al properties of nitrogen, and show how it may be dis- 
tinguished from oxygen, hydrogen, and carbonic acid. 



•.8* ^ How oftu you obtain pure and ctiy niti^ogen gas from atiQp- 
spheric air ? 

'4. How would you prepare nitrogen T What effect would kn 
attnosphere of nltrogeh produce on life and oombuatiotn ? 



E.~CHLORmE. 



f. 



1. Describe the preparations and 'properties of gaseous and or 
liqliid ehloriib^' Wlkat oompounds does it fytiOBt, wi^h oxygen amd 
iQrdxogea . respectively ? 

2. Describe the effects produced by* ehlorilie on Ihe followii^^ ^uIh 
stimces (<:-indigo solutioni copper foU, powdered antimony/ powdered 
ciil^rcoi^* phosphorus, ap4 aiuphur. 

3. Describe how you would prepare chlorine, alid 'expliain your 
^lioc^ss* Alao giy« an outline oif the chief chemical and physical 
piDpbrties of this element. 

4. How would you prepare chlorine, and how do you explain 
yiwur process ? II one bottle contain chlorine gas, and another bromine 
W>our, how could you distinguish the two substanaes from eacJi. 
other ? "Why can chlorine not exist &)ee in nature ? 

. 5. Explain the formation of chlorine from a mixture of black oxide 
of manganese and hydrochloric acid (hydrio chloride). 

..What happen? when a mixture of one volume of chlorine and two- 
volumes of nydrogen is exposed to the sun's light ? How will water 
act on the products of the reaction ? 

6. What action has chlorine gas, at ordinary temperatures, on the^ 
following substances : ~ carbon, hydrogen, phosphorus, water^ 
anlphuretted hydrogen, and a solution of sulphurous acid ? 

7. Chlorine often acts as an oxidizing agent. How do yon acco1^lt^ 
for this ? Describe some experiments in proof of your explanation ? 

8. Describe the preparation of chlorine, and explain your prooesa 
What happens when d^ litmus-paper, an aqueous solution of litmus, 
a burning candle, and powder of copper, respectively, are introduced, 
into chlorine gas ? 

See also A' 3. 



P.-BEOMIKE. 

1. Two bottles are given, one contains vapour of bromine, and 
tile other vapour of nitric peroxide 'SJJ^, how would you ascertain 
which of the tWo contains bromine 1 Give a brief description of the 
characteristic properties of each substance. 

See also G 2 and A' 3 



G.— IODINE. 

1. Explain what occurs when a current of clilorilie is passed* 
through a solution of potassic iodide. How would you prove a orown 
liquid to be an aqueous solution of iodine ? 

2. Two aqueous solutions are given you, one contains free bromine 
only, the other free iodine only. Describe how you would prove the- 
presence of the bromine in the one solution, and of the iodine in the- 
other. 

3. You are requested to ascertain whether a given black powder is 
composed of iodine or black-lead (graphite).^ How would you do so ^ 

See also A' 3. 



BL-FLUORINE. 



L— StJLPHUR. 

1. What are the principal minerals containing ntlphur ? How is! 
sulphur extracted I hpw purified ? Describe the product of its corn* 
bustion in air. 

2. Describe the chief allotropic modifications of .sulphu|r ; and 
name the chief substances from which sulphur ik o))ta|ned. How 
is -sulphurous acid obtained? How much sulphur and how much 
oxygen are contained in one hundred grains of suiphusous acid f 

3. Give a brief description , of the aUQtrppic modifications of 
sulphur, «ud of ^e prepait^tion of each modi^catioxL 



J.-PHOSPHOEUS. 

1. How is red phosphorus made from clear phosphorus T "SKescrib^ 
tile chief differences between the properties of the two' v&rieties. 
"Why is common phosphorus kept uhder water ? ' ' " " 

2. By what experiments could you prove that commorl phosphorus, 
and red or amorphous phosphorus are allotn^ic modifications of the- 
^ement phosphorus 1 

3. How can amorphous pho^horus be prepared fh>m ordinary 
phosphorus ? What are the dinerence^ in properties, of these two 
bodies ? 
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4. Give the formula of the body which is formed when you bum 
phosphorus in an excess of oxygen. How could you prove that common 
phosphorus and red . phosphoi*us are allotropic modifications of the 
samp element? ■ •" 

5. How would you prove that red phosphorus is an allotropic'. 
modification of the phosphorus which melts at 44® C. ? 



K-SnJOON. 

L.~OOMBINING PBOFOBTIONS BY WEIGHT 

AND BY VOLUME. 

1. Give an outline of the theory by which the law of multiple 
proportions is explained. , 

2. Give the molecular weights of common salt, iodide of potas- 
sium, carbonic acid, and nitrate of silver. (The following atomic 
weights may be adopted : — chlorine, 85 '5 ; sodium, 23 ; iodine, 1 27 ; 
potassium, 39 ; carbon, 12 ; oxygen, 16 ; nitrogen, 14 ; silver, . 108. ) 

,,3. Illustrate the laiw of multiple proportions by a series "of 
examples, including compounds of carbon with oxygen, carbon with 
hydrogen, sulphur with oxygen, and nitrogen with oxygen. 

.4-: How much oxygen is contained in 10000 gi-ains of potasdc 
dSchrom^te (KaCraO,). How much oJcygen is given off when the 
same'quiantity 6f salt is heated with an excess of oil of vitriol ? K=89^ 
0=16, Cr=62-5I 

6. "Kii what proportion by volume does oxygen combine with each 
of the following gases, viz. : — hydrogen, carbonic oxide, marsh gas/- 
and olefiant gas ? 

6. How many grammes of oxygen and how many of hydrogen 
are required in order to prepare 600 grammes of water? How many 
litres will the hydrogen measure if each gramme measure 11*2 litres ? 
How many litres will the oxygen measure, its density being 16 times 
as great as that of hydrogen. I 

7. How many yolumes of their respective elements are contained 
in two volumes of each of the following gases? — hydrochloric acid, 
steam, and ammonia. Describe an apparatus for the decompositioa 
of water by a galvanic cuiTent, and the results of the decomposition. 

8. One hundred volumes of nitrogen are giv^n. How many 
volumes of oxygen must be added in order to obtain a mixture (^ 
the same composition as pure atmospheric air ? 

'- 9. •What volume of oxygen is needed for the complete combustion, 
of one gramme of carbon ? (Sixteen grammes of oxygen measure 
11-2 litres.) 



10k Whtst weixbt of oil df vitriol (H^SO^) mxut be decomposed 
for tlM e¥<dittion of one gramme of hydrogen ? ' 

11. How much carbon could be completely burned by a ton oi 

12. "Wbat weight of carbon is needed for the formation of 89 
grammes of carbonic acid ? What is the yolume of this weight of adkl 
at 0^ Q, ^nd 30 inches barometric pressure ? 

13. It is asserted that one molecule of hydrechloric acid consists of 
one atom of ohlorine aind one atom of hydncM^n ; and one molecule of 
^^onia, , of one atom of nitro^^i and ^hree atoms of hydrpgen. 
What do weinisan by an atom of ni/trogen and ap atom of hydiogei),? 
^aiciilste Ae jpercentage composition of ammonia^ 

14. How much anhydrous phosphoric acid is formed by iilx6 
^mbusjbion of one gramme of pl^osphprus <P=;^) ? How much 
pure air 4s needed for the piaductMA of this phiOspfaotio aeid ? 

15. I^ow xnuch pure air Ought to b6 mixed with 100 measures ot 
&:e-damp fjaiarsh gas) ^i a opal mine, in or(}er to supply material ioj: 
th6 dbilnplete combustion of marsh gas during explosion T 

16. Describe 1^ an equation what toJcea place when metallic zi^a 
is, A^ed, xij^n ]ij (^uted nydrpgen sulphate (si^^^tqic acid), Tajomg 
f^ atomic wei^lit of ^nc as ^9, what weight ot hydrogen would bf 
^volveli ficcording to this process by the solution of one Idlogram^ 

17 M What ai» tibus proportions, hj. weighty of the constitiient 
flejt^epta :»f th» following oompounidb i-Hmaiish gas, defiant gas/ 
carbonic acid, and water ? . m , ! 

18. A litre of oa]:i)0|iic aoid i» completely V^dueed to' earbonic ox^de 
by hot carbon. Whdt volume of' cttrbonic oxide is obtained ? What 
yf>k^Qe of oxyge^ i^ »efiM^ ^ ;th9: opipplejte ^mlspstioQi of this 
wbomc.o?t0ei:./- :. •.....;■ ■> ^,\ .. j. :: ...'. .■:■,:•. •. V ; 

.19^ ,Jli9, weight of 11:2, Uti>^ of^ydrog^p imidftr nonnal conditakons 
Jeing i vgwinvue,. wjiat are th^> wi^igwi: of 100 litres of oxygeP^, 
c$[r'|>onicL<»xide, carbppi^ acid| (s^lpri^e, aiKL.99unon|a gases respeiciU 
ively" under tlbe iiame: conditions J: • 

. ; 2Pf ,p||v^ the nanea and formuks of the oxi^^s of niitrogen, »nd 
<}8l(iulate j^V^ir percentage compositions, , < 

' 21. ''Explain the action of ^il of vitriol on eomiiioB salt. WhAiti 
tr«iii^ta»d what yolume of hydrochloric aeid gas (bydrie chloride) 
^ould be obtained from 100 gramuMS of pure common salt {Bo6kf 
chloride) ? 

. .^xplain the action of aqueous hydrocUcvic acid on zinc, on red 
•oxide of mercury (mercupc oxide)) and o|l black oxide of manganese 
ifeppecrtively, 

22. Bow much oxyg^i do you require for the compliete combnstioii! 
^flO cubic centimetres of marsh gaa? How many cubic centimetvea 
of each product of combustion w<Hild be formed ! . . < J 
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23. Water is said to be composed of equivalent quantiti^ of its 
tvfo constituents, or of two atoms of hydrogen and one atom of 
ozy^n. Why do you consider two atoms of hydrogen to. be 
^uivalent to one atom of oxygen ? 

24. How much phosphuretted hydrogen PH., by weight .and by 
volume, would be iumished by 31 grammes of phosphorus, supposing 
til the phosphorus to be conyerted into the gas ? 

25. Explain what is meant by the term ''molecular weight." One 
molecule ox ammonia consisting of one atom of nitrogen and three 
atoms of hydrogen. What is the molecular weight of ammonia 1 

26. What bodies are formed by the combustion of sulphiiretted 
hydrogen in air? How many cubic centimetres of pure oxygen are 
necessary for the combustion of 100 cubic centimetres of sulfmuretted 
hydrogen ? 

27. Describe how you would prepare hydrochloric acid firom 
common salt and sulphuiio acid, and explain the reaction by means 
of s^bols. How many yolumes of chlorine and hydrogen are 
required for the formation of 100 cubic centimetres of hydrochlorio 
acid? Explain the reactions which take place when an aqueous 
solution of hydrochloric acid is placed in contact with zinc, sodic 
hydrate, and black oxide of manganese, lespeotiyely. 

28. Describe and explain the preparation of ammonia firom 
amnionic chloride (chlonde of ammonium) and slaked lime. The 
molecule of ammonia consisting of one atom of nitrogen and three 
atoms of hydrogen ; what is the density of ammonia on the hydrogen 
scale ? What mppens when one yolume of ammonia gas and three 
volumes of hydroohloric add gas (hydric chloride) are mixed 
together ? 

29. Explain the meaning of the following equation :— 

CH^ + 20, = 00, + 2H,0 

How many yolumes of earbonie oxide and of oxygen, respectivelvy 
are required for 1^ production of 75 ccms. of carbonic add (00,) f 

80. A mixture of 10 cubic centimetres of' oxygen, and 20 cubb 
centimetres of hydrogen, kept at the temperatcure of 120^ 0« in m. 
eudiometer over mercury, is exposed te the action of an electric spark. 
How is the gaseous mixture afifected by the experiment 1 

81. Express by an equation the reacticms which occur when smc is- 
thrown into diluted hydrochloric and sulphuric adds respectiyely 
(hydric chloride ; hydric sulphate). How much hydrogen could you 
obtain by the solution of 100 grammes of zinc ? How much water 
could be obtained by the combustion of this hydrogen ? 

[Atomic weight of zinc = 65*2.] 

32. The action of sodium on water is represented by the equation 

Na, + 2HjO = 2N»HO + Ha, 
How much water is required to take part in this reaction in order to* 
obtain 22*38 litres of hydrogen at 0^ 0. and 760 mm. pressure ? 

[Jiefnainder of queHion under *' Cbsmical PeetUiariHes of Natural 
Water."] 
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88^ Snppodng tbo air to contain 23 per oent. of oxygen by weight, 
how many grammes of it must be supj^ied in order to: bnm 
completely (a) 10 graqfimeB of carbon, {b) 10 grammes of sul{>}iary 
(c) 10 grammes of pHosphorufs? C =? 12, S. = 32, P = 81. 

"84. A gaseous mixture consisting of 100 volumes of carbonic oxide 
and 150 volumes ofoxyeen is< e<Hifined over mercury-; an electric 
.sparicia. passed throogb toe mixture, and a baU of caustic pogtasl^i ia 
uen brought into the gas. Describe the chemical changes whi^ 
occur, And state what yoiume (if any) of gas remains at tiie end of tiie 
opeiatloh. 

• , 85. Fifty ^ubic centimetres of oxygen and 150'cubio qentimelTesipf 
hydrogen are placed iU a dry eudiome&r at a^emperature of liQ?. C,» 
and under the normal atmospheric pressuris ; an electric spark is tlieh 
passed through ^e mixture. 'What will be the Tolume utei; the ex- 
f^osioii,'tlie temperature and px^esaura being topposed to r6midii aa 
they werel 

86. * If 126 grammes of nibic acid (hrdrio nitrate) were neutndla^ 
with ammpnia gas, what weight and what properties would the n<erw 
eom^undhaveT 

87. If two volumes of marsh gas, weighing 16 erammes, be burnt in 
excess of air, how many volumes of carbon dioxide (carbonic acid gas) 
are. produced j also, wliat ia t^ wei^^t of the other compound fiocmed 
attne'samidtime t . - " ' 

88. Describe an esroerimeiit to ^ow that hydrochloric acid gas is- 
oomposed of equal yohunes of its constituents, united irithput. pon- 
densation. Wnat is the weight of 11*2 lilxeaof tlqa oompQundt- 

(01=85-5.) 

' '■ ' • . . 

39., Oaloulate the percentage compositian loi nitric adiid. . (|1[ =?14> 

0=16, H=l.) 1;: 

' - '40. How many roluttes of oxvgen tat needed opmplet^y to= >tihi> 
do volumes of blefiant cas, and what-is the yoiume of carbtiil diolLlde- 
(carbonic acid gas) produced ? ■ - . - '- 

"41. If air contain 28 ner cent, of its weight of oxycen, how 
' pounds of carbon must be Dumt in order to remove fdl the oxygen 
fiOOlbs. weight of air? 

42. Calculate the density of idtrous oxide (K,OJ it 0^ C.- and 
760 mm. 

' 43. Six grains of carbon and 22 grains of oxygen are heated to- 
redness in a hermetically closed tube. What substance^ and what 
amount of it is produced ? Why is carbon dioxide commonly called 
carbonic acid t The amount of carbonic acid in our atmosphere, does 
not appear to increase. How do you account for this ! 

44. Calculate the per centage composition • of saltpetre (K90„. 
E = 89, N = 14, O = 16). 

A gas is composed of 92*3 parts of carbon and 7 '7 parts of hydrogen. 
How many atoms of hydrogen are united in this gas to two atonos^bf 
carbon? 
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45. How many c.c. of oxygen gas are required for the complete 
bombnstion of 200 co. of olefiant gas'f What piodbotB are formed, 
and how many e.c. of each do yon obtain f 

46. Explain the meaning of the equation :— • 

2Kl + Cl,=2KCa+Ij|. 
The combustion of hydric sulphide in air is rqpKsented by the 
equation:-^ Ha8+0,=HsO+SOt. 

How much 8ulphur<m8 acid and how mu^ water can be formed frtfm 
100 grains of hydric sulphide ? [H=l, 8=82, 0=16.] 

47. If you heat common salt with hydric sulphate (H,SO J hydijo 
chloride (HCl). is given off. How many cubic centimetres of l^ydno 
ehloride at O^C. and 760 mm. pressure could you liberate ^m lOQO 
grammes of sodic chloride ? 

48. Write the names of the foljLowing compounds : — 

CO; CO,; N,Oj K,0,; N,0^; CH^; C^H^; SO,; SO, andH^. 

If the density of hydrogen is 1, the molecular weight .2, and €he 
moUipnUr wagfat of afnmania 17, find the density of ammonia. 
How many gx^ains of caribonio ackl (COs) will combine witli 100 flWAS 
of calcic oxide (CaO) to form calcic carbonate (CaO,COt)! Cl=;U 
O=16Cn=40. 



iL— genebal iTAtimE or aoids, bases, AM) 

SAl-TS.* 

1. Describe experiments by which you oottid prove that silica anttt 
be classed' among acids. ' ' 

2. Describe experiments by which you would endbairdu]^ to 
iMcertein- whether a ^vite subsknce {dissolved iiot watfr) U as^-sicid, 
abase, or a salt Give an example of a body belong&g to ea^^^f 
the aboTs named chisses,. and enumezate those pvc^rties of:eacli:Vody 
which yon conuder to afford the, biofst proof that it belongs t9 ,%» 
class to which you assign it. . j 

8. Two liquids aregiyen, one containing .an acid OLnd the rather 
a base. Describe the experimqit^; you would perform in' ordeir to 
ascertain which of the two liquids contains the acid.' 

4. Two oxides are ^ven to you, one an acid, the other a base. 
Explain how you would determine which of the two is the acid. ' 

5. DescTibe. the experiments you wonld perform in order to decide 
whether the oxide formed by the" combustion of phosphoros in oxygen 
is an acid or a base. 

6. Silica has no taste, and does not act on blue Ittmua. Why do 
we call this subiriance silicic add ! 

8eB^BlsoZ2 4tnd8. 

* It ia usual now to difitinguish between acids and amJipdride», thus, CO^'ilS 

Tegwdod at carbonic a|ilt9dnde, wbile HsCO.is carbonic acid. Aa these quea- 

idona extend over a pmod of many years, it ia difficult to say, in some ca^BS, 

wh^thor the Ezkndtter means by an aic&d thaiaD^'jdrida, or tbm wUi in its more 

Aodsia aoocptation. 
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N.-STMBOLS AND XFOMENOL^TVltE. 

1. Write in symbols tke ibUdmifl obmipQimcU :~-water ; tolphurio 
•fsid ; nitrie acid ; nitrous oxide ; siupharetted hydrogen^ 

2. En>lain thefollowingchemicfil MiustiQiis i-^a^) Thedeeoaoipofttioa 
of steami by led.hot iron. ; (i) the decomposition of water by potassium 
fn presence asA absence of ataiospherie air ; (e) the formation of 
hiydiDchloric acid and sulphate of soda from ccmmoti salt and 
sulphuric acid ; {d) the acnoh of chlorln6 oil sulphuretted hydrogen. 

8. Ezphun- fully the meaning of the, following symbols : — 

0,; Hi; CI,; Br,; I.; C; N.; S; P; CO.; SO,; B^O, and NH,. 

4. Gi^e the symbols of the foUowiag etements and compounds :— 
]ivcbogen» nitrogen, nitronii add, tiacbon, marah.gpuiy chloriney bromine^ 
phosphorus, phosphoric acid, and.silieie acid. 

■ 5. Gits the f<Mrmul» of thefdkwi&g substances fr-^water, ammouxa, 
■Oica, carbonic add, su]f4iiiri6 add^ marsh |paa and phosphurette^ 
Hydrogen. 

6. Express in symbols what takes place (a) when sulphuric add and 
dUoride of sodium are? heated toeSthsr ; (d) when stdphnric acid* 
dhloride of sodium, andbinoxide of manganese are heated tc^gether^ 
(c) when nitrite of ammonia and nitrate of ammonia ave ^ach sub^ 
jeeted to heat. 

: 7. What is the difference in com^ontion bi6tween a, sulphite and m 
sulphate ; between a nitrite and a mtrate ; and between mtrouft oxi^ 
s^d nitric oxide? 

8. Express by eqwations the reactions Which occur when sulphuria 
add is heated together with common salt^ with iBal«ammoniao^ witb 
nitre and with eoppei; respectively. 

9. What is the compoeition of the following substances :— Air» 
silica, marble, ammonia, marsh gas, and black lead, or plumbaip? 
Oire the names of the substauees represented by the following 
formula :~C0 ; NO ; SO,, ; N.O,.; PH, and ^H^CL 



0. — THE ATMOSPHEBE — ITS CONSTITUTION, 
EFFECTS OF ANIMAL AND VEGETABLE LIFE 
UPON ITS OOMPOSITION. 

1. How much oxygen is eentained in 60 cubic inches of airf 
What are the other constituents ? 

2. Why is atmospheric air supposed to be a mechanical yca^^a^ ^x^ 
not 1 chemical compound of oxygen and ii\tto^«a% 
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8. Describe the chief process by which oxygen is being removed 
from the atmosphere. How is it that the ratio of oxygen to nitrogen 
28 nevertheless practically invariable I 

.4. . Explain how you wonld prove the presence of water, carbonic 
acid, oxygen, and nitrogen, in atmoBf^eric air. 

5. Name the constituents of the atmosphere. How did Lavoisier' 
Aow the presence of oxygen in air ? 

6. Name the two chief constituents of our atmosphere ; state in 
what proportions they occur in it ; and give their respective svmbols. : 
Why 18 air eonsidered to be a mechaniciu mixture ana not a chemical 
compound of these constituents ? 

7. Describe the experiment by which Lavoisier proved air to consist 
of oxygen and nitrogen. 

How many cubic centimetres of oxygen are contained in 100 cubic 
centimetres of air ? How many cubic centimetres of hydrogen would' 
be burnt by this quantity of oxygen f 

8. Our atmosphere is said to take part in the processes of combustion, 
of respiration, and of the growth and decay of plants. Explain how,, 
and by means of which of its constituents, the air acts in each of 
1|l^8e processes, 

0. Name the principAl constituents of our atmosphere. How ia 
the composition ot the air affected by its passage over a long layer of 
red hot charcoal ? 

10. The ancients supposed air to be one of the elements. Describe 
properties of air whi(m cause it no longer to be regarded as an 
^ment. 

11. Explain how the composition of the atmosphere is influenced 
by animal life. What are the chief conditions on which the amount 
of aqueous vapour in the atmosphere depends ? 

12. The ancients used to consider air to be one of the elements. 
How would you prove experimentally that air is not a single substance, 
but a mixture of oxygen and nitrogen ? 

18. A small box, containing a live guinea-pig, is placed on the pan 
of a delicate balance, and the instrument then exactly equipoised. If 
the whole be now allowed to remain at rest, it will soon be seen that a 
distinct diminution of the weight of the box and its contents occurs. 
Explain this fact. • ■ 

14. The ancients regarded air as an element. Prove by experiments 
that it consists mainly of oxygen and nitrogen. 



r 



FL-U 



P.-00MBU8TK)N. 

•TRUCTUSE AND FBOFSRTIES OF FLAME. KATTTBE AUB 
C0MF08ITI0N OF OBDIMABT FUEL. 

. 1. Esrolain why a candle cannot long continue to bum in ^ clo^ 
hotUe, ;How is the composition of diy air affected by its passage oyei; 
red hoi iron or copper ? How much air is needed for the complete 
combustion of 6 grams of pure carbon ? 

2. Explain fully why the flame of a conunon ga8-li|B;ht is brighter i^hm 
the flame from a Bunsen burner. (A mixture of air and gas is burnt 
m the latter case.) 

8. Describe the products which are formed during the combustion 
of coal-gas; and explain what means you would adopt for theii? 
detection. Why does defiant gas bum with a brighter flame than 
hydrogen ? 

4. Describe the stracture of the flame of a common candle ; ax^l 
explain why the flame loses its brightness when a current of common 
air is blown, into it. . 

5. ythai compounds can be formed by the combustion of th^ 
following substances in a limited and in an excessive quantity of air ; 
and what are their respective fomiuls: — sulphur, phosphorus, 
Hydrogen, and carbon ? 

6. Describe the structure of the flame of a common candle, an4 
explain why carbon is set free by the combustion in the interior, but 
not on the surface of the flame. 

7. What bodies are produced by the combustion of <»:dinaij 
illuminating gas ? Why does the flame of an ordinary moderator lampi 
appear brighter with than without a chimney glass t Why is the li^ht 
given out by a flame diminished when s current of air is blown into it f 

8. How would you show that air is necessary for the maintenance 
of ordinary combiution t How does air act on a burning substance ? 
How could you show that the product of combustion of phosphonu 
in oxygen consists of phosphoms and oxygen f 

9. If you place the chimney-glass over the flame of a reading lamp 
the flame increases in brightness ; — ^why does it do so T If you bloW a 
current of air into tl^ flame of an ordinary candle, the flame appears 
less bright than it did before the introduction of' the air. Expladi^ 
why this is the case. 

10. Three parts can be distinguished in the flame pf a candle : (a) 
a dark part in* the interior ; (ft) aluminous cone around (a) ; and (e)* 
a thin almost non-luminous envelope around '{b)i 

Explain this stracture of the flame, and describe how you would 
support your explanation by experiments. 

11. If yoa place a burning candle into a ckised bottle the flame will 
soon be extingnished. Why does the candle not continue to bum I 
How is the composition of the air affeotiodb^ tYvb^^oifeX 
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Q.-WATEE. 

CH2MI0AL FICVLIABimBS OF KATUBAL WATEBS, StTOH AB 
BAIN-WATBR, EITER-WATBR; SPBllTO-WATBB, SSA-WATEK. 

' 1. Besciibd an airangetneDt for decomposing water b^ the galvaiii<^ 
inrrDnt ; and state the proportions by Tolume and by weight in which 
the constituents are giren off. 

2. De8(!ribe properties of oxygen, hydrogen, and water, which 
justify the condnsion that water is not an elementaiy sabstance. * 

S. In what respects does rain-water differ ^om sea-wfitert 
Enomerate the most common constituents of spi^g-water. iBtow 
il pure water obtained fh>m spring-water? and how would yOu 
tecertain whether a giren sample of spring-water contiona sulphuretted' 
hydrogen ? 

4. During the Abyssinian expedition, drinkable water ha4 to be- 
tr^pared from sea-water. Show now this can be done, li^tdnerate 
the principal constituentiB of se^-water. 

5. Whfit is meant by the term ** hardness," as applied to water f 
How would you ascertain whether a particular sample of Water is- 
hAidornot? 

' 6. Water is said to be a compound of hydrogen and oxygen. 
Describe experiments in proof of tYa» view, and explain why hydrogen 
^d oxygen are called elements. 

7. The hard water of our chalk districts is rendered soft by the 
addition of lime-water, ^plain fully why lime-water is able tO' 
produce this result. 

8. The well-water at Canterbury is rendered soft by addition of 
an aqueous solution of lime. Exjplain why lime is able to render some- 
kinds of hard water soft. 

9. You boil commou well-water for a few minutes and observe tbd- 
4ej)aration of a white precipitate. How do you explain the formation 
6f^ the precipitate ? How would yon test your explanation by experi- 
ment ? . 

• • - • * - 

; 10. Sketch and describe an apparatus by which sea-water may be 
Vfindered fit-!for drinking purposes. How can a hard water be coi^- 
Tertcd into a soft one ? 

11. Three samples of water are ^ven you ; one is a hard water,, 
another a soft water, and the third a sea-water. What chemical 
^periments would enable you to discriminate between them ? 

12. Describe the methods and give sketches of the apparatus yoU; 
Would use to determine the composition of water (1) by Tolume, (2) by 
weight. 

' IS. Explain how it is that ^fish can obtain sufficient oxygen for 
fheir respiration. What experiment can you suggest for the purpose 
of proving the eometnoBB of your explanati^a f 



14. How would you prove by means of experiments tliat water ii. 
a compound of hydrogen and oxygen ? 

15. The spring-water of our chalk ^stricts !s much harder than 
the lirer-water of the same localities ; why is thiB the case ? 

• At Canterbury the water is rendered soft by the addition of a certain 
qiiantity of litte^water ; explain the process. 
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S.- OABBONIO 4OID, OAlE^ONiq 0X£t)E. 

I. What is the prboess whit^h takes piace at the lower part of ja 
(diarcoal fire, through which moist airasoextds ? What chiOiiges do Hk^ 
resulting gases undergo on passing through the upper portion of the to. |i 

% How would yon prore that oarbomic aoid conaitfts df carbon and 
<teygtot How is csrbottio' acid usually prepared,! . Howdoyoa 
disnnguish cailiJonio add from nitrogen ? 

3. How is pure carbonic acid prepsiisd 1 How mudi hoarier tbmn 
hydrogen is it 1 

4. Describe how you would prepare carbonic acid from chalk, and 
explain your process by means of symbols. How would you test whether 
the air in a well consists of ordinary air or of carbonic acid f By what 
ineans would you deteet carboiiio acid in spring water ? 

• 5. . A current of pure air parses through a bright coke fi^. What 
gases are contained in the air beyond t)ie fire T Give a s/hort descriptioli 
of each of them. 

6. Enumerate the chief native sourci» of Cftrbonic acid : and mention 
die Causes whidi tend to keep dotm the ambunt of this gas in our 
atmosphere. 

7. Describe an experiment by which you would prepiare carbonia 
oxide gas from carbomc acid. 

8. Two bottles, one contafmng^ -carbonic oxide, and the other 
anhydrous carbonic acid, are given you to determine the nature of the 
gas in each bottle. Describe the experiment you would perform for this 
purpose. By what process is carbonic acid.Sbnerated in nature ? 

9. What easepus products will be m;nued by the complete 
combustion of common coal in an ordinary fire f ' ' 

The air of the Grotto del Cane, near Naples, is said to be- composed 
df nearly pure carbonic add. Describe experiments you would perform 
in order to test the accuracy of the statement. 

10. The gas which accumulates in the Ordtto del Ccme, near Napleflr^ 
is said to be carbonic acid. Describe how you would test by experiments 
the correctness of the assertion. 

II. Explain the action of hydric chloride (H01> on cfiilcic carbonate. 
If you pass carbonic add over a layer of red-hot chaircoaly it becomes 
tonverted into a combustible gas. Explain the reftfition. ^hiss.^ ^»i»'^ 
place between carbonic acid and hot t^haxcmX. \ 
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S.-OXIDES ANB ACIDS OF NITBOGEN. 

1. Give the names and chemical formula of the substancea formed 
'by the action of hydrogen nitrate (nitric acid) upon metallic, copper. 
What happens when the gas produced in this reaction comes in contact , 
with the air ? 

2. A given sample of gas is found to have the property of kindling 
« glowing splint of woc^i. Enumerate the reactions by which you 
would decide, trhether it consists of oxygen or nitrous oxide. 

8. Why do you call oxygen, hydrogen, and eaibon chemical 
elraients ? Describe the properties by which you would distinguiBh 
nitrons oxide (laughing gas) from a mechanical mixture of twoTofiinef 
of nitrogen and one Toiume of oxygen. 

4. Explain, by means of symbols, the formation of nitric acid from 
saltpetre and common sulphuric acid. You prepare hydrogen by the 
action of zinc upon dilute sulphuric acid ; why cannot hydrogen be 
procured by the action of zmc upon dilute nitric acid? &plain 
what happens when concentrated mtric acid is placed in contact with 
ft solution of potassic hydrate. 

5. Describe how you would prepare nitrous oxide. How would you 
•disiinguiBh this gas from oxygen ? 

6. Explain, by means of symbols, the decomposition which takea 
place when hydric sulphate is mixed with saltpetre. What happens 
when hydric nitrate is added to a solution of potassic hydrate ? What 
is the difference between a nitrate and a nitrite ? 

7. Give the formulse of potassic nitrate and potassic nilnte. 
Explain the reaction which takes place when you add hydrip 

suljphate to potassic nitrate. 
. What is the difference between a sulphate and a sulphite ? 



T.-i-AMMONIA. 

1. What is ammonia ? How is it obtained ? Give its compositioa 
"by weight and .by Tolume. 

2. Describe the preparation of ammonia from ammonic chloridci 
(sal-ammoniac) ; and!^ explain your proofs by means of symbols. What 
volume of hydrpchhuric acid gas is needed in order to condense a cubic 
inch of ammonia i . , 

3. How would you obtain evidence of the presence, in a given 
solution, of ammonia whether free or combined ? 

I 

4. Explain, by an ckj^uation, the process of making ammoifiia by 
"the action of slaked hme upon salrammoniac ; ana describe t^^ 
properties of the gas. 
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5. Ammonia fi^ is passed (a) into water, (5) into dilute solphnric 
add. Describe in detail what takes place. How can the gas be again 
obtained from both these spltitions f 

6. Describe how yon would illustrate experimentally the. basic 
properties of ammonia. .1 

7. Describe how you would prove that ammonia Is a compound of 
hydrogen and nitrogen. ..r 



U.-OUSnAITF GAS, MABSH GAS. 

1. Howisolefiant gas prepared t What is its composition, and ' 
liew is this ascertained f Mention the distinguishing eharacteristios 
•of this compound. o 

2. How is marsh gas prepared f If 100 Tolumes of this gas be 
exploded witli 400 volumes of oxygen, what bulk of gas will remain, 
■and of T^at will it consist ? 

3. How is olefiant gas prepared? By what means could you 
«onvince yourself that tmiB gas contains twice as much carbon as an 
<equal bulk of marsh'gte does f . 



T.— SULPHTTBOUS AND SULPHXTEIO AOIDS. 

1 Jl sample of vinegar is supposed to be adulterated with 
-sulphuric acid. How would you ascertain the presence of sulphnrite 
add in vinegar f 

2. How would you prepare sulphurous acid gas? Describe and* 
CKplain the reaction by which you- would identify it. 

8. How is sulphuric acid (oil of vitriol) made? Explain the 
chemical changes which take place in the process. 

4. What are the tests you would employ in order to detect thd' 
presence of a dissolved sulphate, chloride, sulphide, and nitrate ? 

5. What substance do you obtaia when a piece of sulphur is burnt 
hi oxygen? How can this substance be converted into common 
sulphuric acid ? How would you ascertain whether a speicimen of an 
add consisted of sulphuric or of nitric add ? 

6. How are the compounds of sulphur and oxygen formed ? GiVe' 
thdr fonnube aiid |)ropertiies. Describe their action upon water, and 
upon a solution of carbonate of soda. ' » 

7. Write down the formulae (1) of the oxides of sulphur, (2) of the 
substances formed when they are brought in contact with water, 
(8) of the neutral and acid sulphate and sulphite of potassium. Giva 
tests for distinguishing between sbluBfe su^hites and sulphates. 
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W.-SULPHUBETTED EYDBOGBN. 

1. How would yon prepare sulphuretted' hydrogen g^t What uu 
fanned when the gas is Dumt in air ? 

^ A specimen of spring water is supposed to contain sulphuretted 
bydrogen (hydric sulphide). How womd you {£scert^ whether any^ 
Bolphuretted hydrogen is present. 

3. Explain, by means of symbols, the formation of sulphuretted 
li]rdrogen from ferrous sulphide (Fe S) and hydric sulphate (sulphuric 
acid H,S04). How do you prove* that ^ol^faurettea h][;^rogen is a 
compound ot sulphur and hydrogen ? How does sulphureued hydrogen 
aok on .a so^tution of lithaige (PbO) in hydric nitrate (HNO.) 9 < ' 

4. How would you show that sulphuretted hydrogen is a com^und 
of sulphur and hydrogen? ' 



X.— EYDBOOHLOBIO AOID. 

1. What is the composition by weight and yolume of hydrochloric 
lUsid ? How is it obtained ? MenttlSi some of its chief chemical 
properties. 

2. Explain, by means of symbolB^ the preparation of hydrokdiloric 
acid from common salt and sulphuric acid. How many volumes of 
chlorine and hjrdrogen are required for the preparation of two volumea 
cf hydrochlcmc add ? How does water act on hydrochloric acid gas ? 

3. Describe the preparation of aqueous hydrochloric acid ; and ' 
explain the process by an equation. How would you distingtdsh It 
from an aqueous solution of nitric acid ? > 

' 4. A gas is found by analysis to consist of equal volumes of dhloruka- 
and hydrogen. Describe fiilly how yon would find by experiment 

Shether the gasis a mechanical mixture or a chemical combination of^ 
le two elements.. 

0. GiY/B several reactions by which hydrochloric acid may be- 
I^pared. What are the p^perties of this gas? and how may it W 
obtained in the liquid state ? 

6. How would you prove that hydrochloric acid gas oontaiiia. 
chlorine and hydrogen ? 

7. How would you test an aqueous solution for hydric chloride- 
(HCl), hydric sulphate (HsSO^)) and ammonia (NH,) respeotively f 
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< Y.-PHO8PH0BI0 A0S3 AND FHOSFHURETTED 

HYDBOQEN. 

'• 1. What sabetaiKM is formed ivhena* pieoe of dry fdioilibonM is 
Immt in excess of dry air t Give the foimiila. of toe .phosi^lkcric 
•:^iQp0luid prodocsdf ^d ei^plain how, it is acted upon . by boiling 
'inter. ' ' ' "'■'"' 

2. Explain thochemic^^ tai^^«97)uq|i tsjlfitfipraf;^ vl)^ phosp^q^ 
and milk of lime are boiled together. How do you account for ordmaiy 
phosphuretted hydrogen losing its property of spontaneous inflamma- 
oility when kept for some time at a low temperature ! 



Z.-SILIOA; 

1. Describe how you would render silica soluble in aqueous 
hydrochloric acid, and how the soluble modification of this substance 
can be converted into the insoluble foim ? 

2. Flint is said to be composed of silica, which, although it has no 
•our or acid taste, is also called silicic acid. Why is it so called ? 

8. How could you prove that the constituent of flint has properties 
similar to other acids ; and how can this substance be obtained 
-dissolved in water ? 



A'.-NOT GLASSED UNDER PBEVIOUS HEADS. 

1. What is the difference between a mechanical mixture and a 
chemical combination of two elements, A and B ? Illustrate your 
answer by two or three examples. 

2. Describe experiments by which you would distinguish a 
mechanical mixture of oxygen and hydrogen from the common 
•compound of those elements. 

8. A white salt is known to be either chloride, bromide, or iodide 
of potassium. How would you ascertain with certainty which of these 
substances it is ! 

4. Two powders are given you, one is a mechanical mixture, the 
other a chemical combination of sulphur and iron. In what respects 
would the two powders differ, and by what chemical reactions could, 
you distinguish the one from the other t 



5. A solution contains either carbonate of soda, chloride of sodium^ 
or ftiil|)hide of sodinnu How would you a£e«r|aiil wMoli of th6iJire» 
is present ? 

G. I pour dilute sulphuric acid (1) upon sulphuie of iron, and (2) 
upcMi sulph»fe of sodium, QItb equations showing the reaotiaii which 
tuces place in eaoh case.- 

7. A given powder is composed of 82 gr. of sulphur and 56 gc. 6t 
iron. How would you ascertain whetiier the powder is a mecha flf oal 
mixtore or a chemical oomfamatioa of tihe two elemehta I 
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ANSWERS. 



A.~COMPOSITION AND EESOLUTION OF STATICAL 

FORCES. 

• 1. The diagonal tkroni^ A of which AB and AC are sidflf. 
Angle of 25*^. 

2. W along CW and W along CB and CA. If not oqnal the 
•the two weights W and the cord would move in the direption of the 
. heavier weight. 

3. The moments of the forees AB and CD round E are equaL 

4. The tension AP of the cord, the weight AB of the plummet^ 
and the force AQ of the current, act upon the plummet, and are in 
clt[uilibrium. 

5. Explain by the polygon of forces, or by use of the paraUelogram 
of forces three times. 

6. Use a parallelogram, the diagonal of which represents the force 
of the current. 

7. The attached weight and zero. 

8. Horizontal force = F, inclined force = i^2 F. 

9. Produce the direction of one of the forces so thftt both act to, . 
or from, the point. 200 lbs. towards the centre of the circle. . m . 

10. Tension of horizontal oord ;= 18*86 lbe.> of inclined card ^ 

26-72 lbs. 

• . . ' - . , • 

11. If the two forces act in the same order, the third in the- 
opposite, 17*32 lbs. 

18. The effect of the force in turning a body round that point. 
The force multiplied by its perpendicular distance from the point. 
The algebraic sum of the momehts of the forces must equal v6t6:^' 

14. Their resultants are 14*2, 12*1, and9'5 nearly. '— -^ '"^' 
17. 25 acting yertically upwards, 27*73 inclined dowilWards and 
to the right. 

19. Two forces of 7 and 7 inclined at 120^ have resultant T 
inclined at 60^ to either component. 

20. The ratio of component parallel to bank to that of the whole- 
fotce'becomes greater as the rope is lengthened. In case of tug^ th»- 
foroe is not resolved. 



22. The resultant acts in the direction of the hypothennse of m 
light-angled triangle, having a horizontal' side of length 1 and • 
yertical side of length 2. Pressure on upper block is V5| P. 

23. See A4. 

■ 25. Total force = 2*7, tertical component = 2*84 nearly. '. 

27. Moments of weights acting through centres of gravity of AC, 
BC rottnd point G should be equal ; or common centre of gravity of 
ACB should be in vertical through C. 

' 28. Weight of beam acting vertically downwards through its 
iasiddle- point, reaction of wall acting at B at^ tight, an^es to H^ 
reaction of bowl acting at A at right angles to it, are. the only Acting 

forces. Tbese must' pass through one point. 

«' 1». P t£ lesser force » 8 lbs. Q = 9. .i 

'' 80. Three fafeoB act : — ^reaiction of arc at B aild passing thrdu^ 
centre of circle, and weight of arc which must also pass thtou^ 
Msentre of circle, and therjsfore through centre of arc. 

31. Three forces act : — weight of beam through middle poinft, 
letetion of Wall at A at fight^ngles to it, and reaction pf beiam at C 
•at right-angles to it ; these must pass through one points . 

82. Polygon of forces. . . 

34. 10 lbs. 
(('^' 39.- Yertical through centre of gravity must pass through ' point of 
support. ' ' — .'J 

87. Neglect the- veaclion bf the pland. 2 kilogSw pandlel to .^lane 

support 4 kilogs., the remaining kilog. will be supported hy --^ ^Mlidg. 

Thus P = 4 kilog. 

\ 139^ :t.Sprizontal forces actug oi;l laddar aie 6Q i^id F V. F ^. 60. 
y fsrticftlr ftB»fP aro/^i R, ftudiO -VW.^ ^ + 40.; ,;rake mpm^ 
round foot of ladd,er, thus i W = 60 <? + 4^ .V W = 120 V3j,j^ 
80 and B = 12Q V3 + 40. . .' 

40. ae^Al3. , . , ^r 

41. 16 lbs. From a point 8 in. beyond end of bar. .^r^ ^^ 
V 48, 5^, IS^I, 29fe :614j ii^chea. . - ..r 

44. 8 lbs. and 6 lbs. : ,. 

• • / ' • ' " ' ■ . )iiC 

. 47. JUy^ultant.of «U forioes must, pass tihroug}^ ^^ Pf>^^ : 
luii 48. . 3Resultant is paiadldt tQ4iagonaI of pu^lk^^ 
iSAcnitude is ssune as AB« ; ,r . . , •. 



B.— SIMPLE MAOHINEa 

1. 1 to 754 nearly. 

2. 120Ibfl. 

5. Uie it M a moreable pulley. 
4. 2240 lbs. = 1 ton ; 2400 Iba, 

6. Fint system with 2 pulleys, or second system with 4 strings 
at lower block. 

6. P : W :t he%ht : lepgth. Neglect friction, portion parallel 
to plane = W ; portion hanging Tetttcally = P ; portion which is 
horizontal has no effect. 

7. 1 to 754 nearly. Screw pusss, lathe, planing machine, kc, 

8. 300 lbs. 

9. Third system with three pulleys. P ; W : : 1 : 7. 

10. Si inches from heavier weight.^ 40 oz. 

11. If a; and y are the apparent weights .'. W = ^xy. 

12. Circumference of screw =:: base of plane, pitch of screw » height 
of plane, power act* parallel to base of plane. 

18. First system, the act of nailing the cord to one pulley fixes it, 
and so causes the system to act as one of three moveable pulleys, 
P : W : : 1 : 8 ; 9 P. 

14. P : W : : 1 : 5. R = 6'57 P applied at the fulcrum. 

15. W » (2»- 1) P. W - (2n- 1) P + (2»-l- l)Wi + 
(2»t-2- 1) tpj + (2»f8- 1) IT, + 

16. 8V3lbs. 

17. a 50 lbs., 25 in. ; 40 lbs. 7i in. 6. 62 lbs., 81 in.. 72 lbs., 
18} in. No change as regards distance between P and W, but the 
pressure on the fulcrum would be 9 lbs. more in each case. 

18. 15 lbs. 13 lbs. 

19. Take moments round foot, tension >■ 11} lbs. Combine 
tension and weight by parallelogram of forces, pressure » 27*4 lbs. 

20. 8 lbs, P X distance moved ^ver = W x distance moved 
over ; or work done by P = work done npon W. 

21. Principle of lever. 

22. Force applied to cart acts at axle, but if applied at top of 
wheel, the preMSure on axle = 2 P. 

23. Vertically upwards when R = ; at an angle of 60^ to the 
plane when R = 6 V8. 



24. Second system, 10 strings at lower block. Distince thioii^ 
which P acts = 80 ft. =:«x 10. ■' 

25. 7 ft. 7i in. from one end. 

26. True weight = 6 lbs. thus anns are as 9 : 6 or : 4, tliat 
is 3 : 2. 

27. P : W : : 1 : 7. i inch firom A towarda B. 

28. l^irst system with 8 moreable pulleys. Neglectiiig friction 
and the weight of the pulleys, the mechanical advantage would be d, 
but as these cannot be eliminate, practically thfe meohanioal 
advantage would bfe less than 8. 

31. See answer to B20. 

82. Height = 3, base =r 4, and length = 5 .*. B « 5 lbs. 

34. 24-494. 



0.— OENTEE OP OltAVITT. 

1. To keep the vortical through his centre of gravity between 
his feet. No. 

2. The moment of the weight round the point of support become 
zero, only when its line of action passes through that point. 

3. The scale pan moves till its centre of gravity is vertically 
beneath its point of support. 

. 4. Just above 46*'' 

6. 9 lbs. 

8. 3 inches from centre of heavier sphere. 

7. Its middle point. 

8. The other extremity of the diameter through the point to 
which the string is attached. 

9. AC and BD cut one another at 6, the centre of gravity. 
Join EG and produce it to cut Bd at F. F is the required points 

10. Two-fifteenths of height of equilateral triangle ttom centl% 
of hexagon. 

11. 3*26 inches from the top. 

12. At a point in the axis of wider cylinder {^ in. from junction. 

13. 3*2 in. from 5 oz. 
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13a. Kind centre of gravity of 2 and 6, and of 8 and 4, then of 
Hm two 7 lbs. tlius obtame4t f side of square from its centre. 
^Position of centre of gravity would not change. 

14. Its cedlre of 'gravity willl>e raised^ 

15. The centre of gravity df i^i'tHcngleb 

. 16. The geometrical centie^of th4 hamiirphtoi 

17. QwBk t^raity-fleveath of line, Joining ipiddU $waxt of baM to 
vertex, from the base. 

21, rl4^T inches from free end of 8 oz. tnbe, 

22. 4-392 inches ' . 
i 28. 18^ inches. 

24. I V3in. 



D.--azansftAL laws of itotiov. 

1. 936 feet 

2. The gun and ballet are forced in opposite direotionsy with the 
6ame ttiomentnm. 

3. It moves with miilbiin velocity in a straight fine. 

6. If a body of mass m Ibis* be acted npon by a constant force #f 
Plbs. oirPflrmiit»*=ri — ^». 4 feet per second. 

7. Acceleration « increase of velocity per unit of time in unit 4t 
time, it varies directly as the force and inveieely as the mass moved* 
2-5 feet. 

8. As 5 is to 1. 

10. Mass moved » 10 oz. moving force *^ weight of 4 oe. » 4sr 
.•. / = if =12*8 ft. per sec. 

12. /' - */. 

13. The forces must be in equilibrium, but must be started by a 
momentary force. 

14. 40 miles per hour ; | mile. 

15. P : W : : 11 : 1080. 

17. 2 seconds nearly. 

18. A body could UXl 5 feet in *56 seconds .*. horizontal velocity 
=: 716 feet per sec. 
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19. Carriage alone would have an acceleration s ^ a 6*4 feet per 
sec. down the plane, the rope mnst neutralize this as well as cause an 
acceleration of 3 ft. per sec. up the plane, it therefore actually causes 
an acceleration/ = 9'"4 ft. per sec. The tension T » ^ « 2*85 tons. 

20. Z' = I = *1? /. « » 181-126 ft 

21. 225 feet. In 2^ sees, and in 5 sees. 

^' 22. Nothing, since the weight causes the mass to &11 with yoo. 

23. / = ^ .'. weights are 3} oz. and 4^ oz; 

24. The feather has the same horizontal Telocity as the halloon, 
it therefore appears to fall vertically. 

25. Stone has same velocity as surface, and therefore, a greater 
velocity than interior ; it strikes the tube on the east side. 

26. She must be steered 80^ up stream, and travels over ^ miles 
in 8*66 minutes. 

29. Horizontal distance = 4*4 ft. ; vertical distance = *16 ft. 

30. Air, with "^he surface of the ^artl\, has a smaller velocity in 
higher latitudes, and, therefore, appears to be left behind'on approach* 
ing the equator, i,e, forms a N.E. wind. 

31. g =: 980 centimetres per second. 

82. A body free to move under the action of its own. welghjt; 
gains in each second of its motion an extra velocity of 82 feet per 
second. : g =,78545*45 miles per hour. 

33. In first case, stone falls with the chamber. In the second 
<)ase,, while the velocity of the chamber is Y, that of the stone will be 
.y + git it therefore strikes the floor of the chamber. 

84. Unit of force : weight of one pound : : 1 : ^ : : 1 : 32. 

86. Accelerating force = constant force e,g, weight, which is 
independent of the time ; the acceleration produced by the force 
varies as the square of the unit of time. Thus the force =s F, the 
acceleration = ^^ when 1 sec. is the unit of time. 

9oUU 

87. / = ^ =!• Tension = 15 98 oz. 

88. The body moving uniformly, moves over 12 ft. in 4 sees;, 
the two bodies are then 20 ft. apart, the other must have moved over 
16 ft. Thus/ = 2 ft. per sec. 

40. / =s 4 centimetres per second, thus other mass « 492 
gtnmmea. 



B 41-E It 

41. 893 oz. 

42. Wt. of 1 lb. = g (lb. ft. sec. ) as units. 

=s 16g (oz. ft. sec) „ 

s: 16 X 12g (oz. in. seo.) „ 
•*. giyen nnit of force : weight of 1 lb. : : 1 : 192g : : 1 : 6144. 

44. That force which acting on a mass of 1 lb. gives it a Telocity 
of one foot per second in one second. 

45. 12*8 oz. 

46. / = 3-2, 8 = 40. 



E.-LAW OF THE MOTION OF FALLING BODIES. 

1. 256 feet. 64 feet per second. 

2. 6 *25 secoitdfl. With the sameforee tha second azxow has doable 
the Telocity, and will retnm in 12*5 aeconda. 

8. ProTe formula a = J/if». 

4. None, sinee he already haa the same motion as the carriage. 

6. V s 82 ft. per sec, thus Y « 16 ft per second and i^Mtce » 
82 ft. 

7. 22*5 feet 

8. 144 feet 

^. 402-5 feet 177*1 feet 

10. Velocity = 68*6 feet, height - 808*7 feet (g « 82*2.) 

11. Ifh^ faei£^t .*. V » V2gh, < = V^ and they pass at • 
height = f 

12. The particle falls in 8} sees., is carried horizontally- 10 feet, 
and thus' strikes the ground 179^ feiet from its starting point 
{g = 82*2.) 

13. /» 16*1 thus it rolls 8 05 feet up the plane; 120*75 feet 
down the plane. 

14. Space » 864 fecft, Telocity = 464 feet per sec. 

15. Initial Telocity = 136 feet per sec. ; rises 88 feet. 

16. y = 96, therefore height aboTe ground » 80 feet. 

17. Show the path in a diagram by finding the position of the 
gtone at end of 1st, 2nd, 8rd, &c., seconds. At the end of two 
seconds, it wotild, if not acM.' u^mml by graTity, haTe traTelled orer 
256 feet in a straight line inclined at 45*^, .bi^ doripg that tiafto 
IppaTity causes it to fall 64 feet 
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19. 16 feet, 32 feet. » = V< + J //• and v « V -f /T 

20. (1) t? = 980, energy *= 49000 gramme-centimetres, (2) v = 
490, energy == 12250 gramme-centimetres, (3) v s 0, energy s 0. 

21. 1200 feet p^r second. 

23. 8f seconds; 112^ feet, 

24. 12742*1 cms. 

26. 5-47 seconds. 87 632 ft. 
28. 1-488 feet nearly. 



F.-E7DB0STATI0S, HYpBAUtilCB, Ain> 

PKEUMATIOS. 

1. The metrcury will rise in the barometer tabf» to balai^cc 
Ibcrease oi pressuze on cinOem 

2. The cork is forced into the bottle filled with air, because thi> 
pressure upon it increasing with the depth, the volume of the air 
becomes smaller. If the bottle be filled with water, which does not 
sensibly decrease in Tolume under moderate puepsures, the oork wH 
not h6 f<»ced in. 

8. 2 atmospheres ^ a height of 60 inches of mercury sn nearly 
80 lbs. on the square inch. 
• 4. 97 feet. 

■ 6. Pressure » 240*8 inches of mercury; Tolnme » 87*46 cubio 
inches 
r. 84 feet 

8. Pressure = weight of 80 cubic feet of water « 30OOO 02. 

9. Pressure on one side » weight of 300 oobic inches of w^ter 
■s 173*61 oz. 

10. Volume yaries inversely as the pressure. 

11. When the vessel is other than a cylinder QF prina whose «i4ea 
iktd at right angles to its base. 

' ' 12. Pressure varies directly, m the weight of a cQna)»nt voltuiji^ 
gas. Aa 7 is to 4. , 



14. The spedflo gravity of th« balloon and contents, as a 'whole, 
must be less than that of the air. The specific gravity of the gas and 
air would vary exactly in the same way under altered pressure, while 
that of the .solid portion of the ballod^ would be constant ; if the 
barometer fall, the lifting power of the ballooH would be lessened ; |f 
it rise, it would be increased. Nearly 10000 cubic feet. 

15. 124*196 grammes. 

17. Water enters the balloon and so makes its specific gravity, as 
a whole, greater than that of water. . If the opening be above wi^r, 
pressure will have no effect. 

18. Pressij^ «= 17 + S4 Isefc of water. Yolnme a^ atmosplupric 
pressure b 22*5 cubic feet. 

20. Depth of centre of gravity ^ 14*828 inohea* PMisni^ on 
one side » 597*865 oz. 

22. Pressure of i^erci^ry ^ 8} )EUcgp», pressure of w^Uft «i9ne 
» I kilogs, pressure vf wat^ - trai^smitted th|ro|igh mfrcu^ » 
3 kilogs. ; thus, total pressure a 4 kilogs. v 

23. The law does not hold good, the pressure deorefUMS wi^ tl^e 
square of the height, the difference is owing to tho f)K9t tl»t fir is 
compressed luider pressure, 

24. In central line 3*45 incheii liom bsM^ Frmnif <m base m 
1875 oz. .f 

25. Neglect size of disc ; total pnessore is dne tp ^ight of 1088 
+ 5000 centimetre, therefore pressure on 1 iqiyiupo <}(9ntime^ af 
6033 grammes. 

27. -434 lbs., 21*824 lbs. 

28. 612*5 mm^, 

29. 28*17 lbs. 

80. 4*68 inches. 

81. 5,05 inches i^eacly. . j 

82. 8200QC, ft, , ; ) 



a.-SPECIFIO GRAVITY. 

1. Specific gravity is the ratio4>f the density of the body oompared 
with that of water. No. 5*6 lbs. 
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2. Weight of equal rolnme of water » 15 grs. of liquid « 12 gn. 
Specific gravity « '8. 
. 8. 21625. 

6. If a; s specific graTltj of wax .'. (2895 + 7d5) - 890 «- 

6. -792. 

7. 2-816. 

8. 1-204. 

10. ^ X i - 2-4 cabic feet. 

11. ^ + ^^« ==-9875. 

18. Weigh a cubic inch of metal in air and in water, loss of 
weight gives weight of 1 cubic inch of water. 

14. 62*86 grains. 

15. 1-416. 

16. It is nentralised by the upward pressure of the liquid. 

17. If » >• length immersed .'. 4} x 1 s « x *915 .'. x » 
4*918 inches. 

18. -08188 inch nearly. 

19. 8ee question G5. 

20. Here each substance apparently weighs less than its real 
Weight by the weight of an equal volume of water. Thus if a; » true 
weight of gkss ^^|=^ x « ^~ x -1 .'. x = 1-4683 lbs. 

22. » •■ deptii in denser fluid .*. 1*2 x 1 » 1 x (1 - ie) + 
1*5 X a; .'. a; a *4 inch. 

28. Density » mass in unit of volume ; specific gravity « ratio 
between densities. 

24. X 8 length of iron portion .'. 21 X 2 + 7*5 x » 
m 18*5 X (2 + a; - 1) .*. a; » 4*75 inches. 

24. Specific gravity b= 2*5. 

28. Apparent weights are equal, thus v (10*47 — 115 « f^i 
(8*89 - 1*15) .*. the volume of silver : volume of copper : : 387 : 466. 

29. 18 c. inches in each. 

30. -86. 

31. 7 Ji lbs., 56 lbs. 
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H-THE BAROMETER, SIPHON, COMMON PUMP, 
FORCING PUMP, AND AIR-PUMP. 

1. One-eighth is removed at each stroke .'. 7 grains are removed 
at second stroke. 

3. Height of water barometer, because that represents the pressim 
of the air. 

4. J^Iust not be higher than water barometer. 

6. The mercniy would rise through one inch for every 13} inches 
descended. 

7. The water will flow towards the narrow end, and will cease 
when the water is at the same level in the two vessels, or when air 
^iscends into the wide tube. 

8. SeeH6. 

9. There is a limit as regards height to the action of the comm^ii 
pump, but not to that of the force pump. 

10. X Bs original volume; > volume caused by fall of merenry 
— V^A^S = 1 cubic inch nearly, thus volume of air in barometelr 
* a; -f 1» and pressure t* 30 — 25 >» 5 InchiBS of mercury, 

30 X + 1 

.'. Y ~ — T" •*•*** 5 cubic inches nearly. 

12. The height still remains the same, length ai 5 feet. 
. 13. Weight of :fs cubic foot of mercury a 282*2916 oz. 

15. Weight of 1 cubic inch of mercury » 3486*72 grains. 

17. 21*57 lbs. on the square inch nearly, to a height of 51*6 feet 
nearly. 

18. The mercury in the gauge lb supported hy the pressure of tl)e 
air in receiver. 

19. It would make no difference. 

20. (1) The mercury would remain at the same height, being • 
perfect barometer. (2) The column of air and of mercury would become 
smaller, the volume of air obeying the law of pressure. , (3) The mer- 
cury would remain at the same height, being that of the barometer 
minus the tension of aqueous vapour at that temperature. 

21. Explain the air chambeii_,2&Difll lbs. 

23. (1) Mercury rises till of same height as before. (2) Mercniy 
runs up the tube till of the same vertical height «&WsRft« 
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25. Fressares of enclosed air are 26 and 46 centimetres, yolnmes 
of enclosed air are 40 and x cubic centimetres .*. 40 x 26 = 46 x 
/. X =■ 22-61 nearly. 

26. Receiver will then contain 300 cable inclies ; the pressure is 
tkiereased by 2 atmospheres. 

27. The pressure or weight of all the air above a given surface. 
1169*256 eentimetrea. 

28. Total pressure = 29*5 + 38 - 4 = 63*5 inches. Volume 
« 5 X ^ =. 10*763 inches. 

80. Stop valve in piston, and place valve opening outwards in 

I 

tube coming from lower part of cylinder. 

31. If not vertical, one inch difference of pressure reads moiOy 
than one inch. 

82. Volume varies inversely as the pressure. Pressures are 528 
a^d 408 ii^h^e pf water* volumea are *00006 and x cubic inches, x « 
•00007764 .... cubic inch. 

33. a? a depnessien, pressures «a 76 and x oentimetres, volumes. 
cs 10 and 15 cc •*. 760 => 15 a; .r. 9; as 50*6 centi^ietres. 

84. The air in the pores of the wood expand^ and makes the^ 
wood, as a whole, of less i^eific gravity and hence it rises. 

36. Volume midtiplied by pressure is constant. IXfierence of 
pressures = *78 inches .*. difference of weight » 310 ^ -35 " 8*06 grains. 
(100 cubic inches, of air « 81 grains at pressure of 30 inches of' 
90icury. ... 

38. If a = height of centre of bubble, 34 — a is mean pressure: 
on bubble, and volume will equal ^i_i 

40. 245}flbs. 1227H1^* 

41. 28*03 inches. 

42. ^ limes more in bell where d ^ depth in feet of mouth of 
belL • 

43. 9» : 10». 
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K--OPTICS. 

LAWS OF BEFLECTION AND BEFRAOTIOK. 

t 

1. Tw6 Imnges of a candle flame are seen ; first is reflected hy 
snrfi&ce of glass, the second one, which is brighter, hy the amalgam. 

4. The air is uneqtlally rarefied by the heat, an4 so thrown inta 
iri^gtQiar hd^ mbving masses having differient indices of refraction. 

6. The reflecting Surface is at right angles to line bisectlug anglo: 
ABC. The refracted ray is in the same pland as A B 0. 

7. Three. 

8. The ratio between the sine of the angle between the normal 
and ray of light in that medium, and the sine of the angle between 
the normal and same ray in air or yacuuih. 

9. En d of rod appears 4} feet below the surface, hence image is 



^ 



36 + ?1.= 74 feet. 

10. If at right angles to mirror, its image or the image of any 
object appears in the same position. 

12. 'When the sine of the angle of incidence in a dense medium is. 
greater than the reciprocal of the index of refraction of that medium, 
the ray is totally reflected. 

18. The incident and reflected rays and the normal are in one- 
plane. ^The angle of reflection is equal to the angle of incidence. 

14. The incident and refracted rays and the normal are in one* 
plane. The ratio between the sines of the angles of incidence and 
refraction is constant. 

15. At a considerable distance the image is very small and at the 
principal focus ; at the centre of curvature the image is equal to the 
object and at the samft spot ; at the principal focus the image is in- 
finitely large and may be considered to be at an infinite distance in 
^nt or behind the mirror ; at the mirror the image is equal to th» 
^nage and at the same spot (behind the mirror). The changes take 
place contlnnously. 

16. Prove that it is the the same perpendicular distance behind 
the mirror that the object is in front. 

18. The angle between incident and reflected rays is twice that 
between incident ray and normal, thus, if this latter angle is increased 
the former is increased by twice the amount 
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19. Make a diagram showiDg the path of a ray of light from 
Ihe end of the stick. 

20. See K 11 

21. Draw a circle with point of incidence as centre, and from 
the points of section with incident, reflected and refracted rays, draw 
perpendiculars to the surface. This produces three similar and equal 
triangles, and it Is seen that the point of incidence is 5 feet from the 
bright point, and 4 feet from the perpendicular through it. 

23. See E 12 and 14. 

24. Sine of critical angle » }. 

25. See E 18. 

20. His image is erect, virtual and smaller. As he approachei^ 
his image becomes larger and nearer to him. 

27. Defects of spherical aberration, and of too great aperture aud 
<>f inequality in surface. 

29. Angle between normal and reflected ray ; angle between, 
normal and refracted rajr ; incident angle in dense medium whose sine 
equals the reciprocal of index of refraction. Yes. . 

30. Find by means of sunlight its focal length, twice this distance 
gives the radius of curvature. 

81. See E 13. 

33. Shape of pin-hole makes no difiference if it be small, as the 
total image is made up of an immense number of small overlapping 
«pots of light each of same shape as pin-hole. 

34. See E 13. 

35. The object may be anywhere before the mirror. 

86. See E 14. True thickness equals apparent thickness 
multiplied by the index of refraction. 

37. See E18. 

38. Refractive index from water to glass = §. 

40. In the isosceles prism the arrow will point in the opposite 
direction. In the Woolaston prism, which gives a reflection of ii 
reflection, the arrow will point in same direction as object. 

41. See E 13. 

42. See E 12. 

44. See previous questions. 

•40. If glass be smooth no light will be lost. 
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I..-FOEMATION OF IMAGES BY ICEBBOES AND 

SIMPLE LENSES. 

I. Meiuture distance of focus produced by means of sunlight firomi 
tlie lens, or, better, measure distance of camdle- flame and image from 

the lens, and find / from formula } = p + p'* The method would 
not succeed with a concave lens, as that produces no real image. 

8. In the first case it is a virtual erect image, in the second, a 
real inverted image. 

4. To the point from which they first came. 

6. See L 1. Focal' length =» IJf inches. 

8. (a) liefracted parallel to the axis, (5) passes oh in same straight 
line (if thickness of lens is neglected), (c) refracted throtxgh other 
principal focus. 

9. The two points are conjugate foci. The si2es are as 25 is to 1. 

10. The lens is six inches from the Object, and 80 inches frotk 
the screen ; focal length a 5 inches. 

II. At a considerable distance the image is very small, and at 
the principal focus opposite ; at twice the focal length the image 
equals^ the object, and is at the same distance at other side ; at focus 
the image is infinitely large, and may be considered ' to be at ail 
infinite distance, from either side of the lens-; at the lens the 
imago is equal to the object, in the same spot at same side of lens. 
These changes are continuous. 

13. The image is real, one-third larger, inverted, and 1 foot in 
front of the mirror. 

14. See LI. . 

15. The object is brought to such a distance from the lens, that 
the image may be formed at the point of distinct vision ; the 
observer's eye is broiight close to the lens, so that as much light as 
possible from the object may enter it. 

I 

16. The image is real and inverted. 

17. The angular size of the object and image is always the same. 
Thus we have to find the size of a portion of a sphere whose radius is 
the focal length of the lens, and which subtends an angle at the centre 
equal to the angular magnitude of the sun. The imago is rendered . 
less bright. 
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18. If « s distance of object, 2 a; ~ distance of image 
,'. -7 « ^ + i— •*• « = 18 inclieg. .J 

J X % X 

1 9. Converging lenses aro those which cause a parallel beam of light 
to converge to a p<nnt» and diverging lenses are those which cauae a 
parallel beam of light to di'Tergd from an imagiiMry point A divocy 

ffont lens. ' 

1 ■ 

20. The image is 4 inches behind the mirror A y » i^ — 2 

»•, — "^ x= 6 inches. 

21. Length = 8 feet 

22. The image is erect if behind the mirror, i.e., if object is 
l)etween the focus and mirror, but inverted if in front of the mirror, 
4.9. , if object is 'jdthout the focus. 

23. At i diameter. 

24. See L 22. 

25. 12 inches -from lens, inverted, 1 inch diameter, Sf inches 
behind mirror, { inch diameter. 

26. 12 inches from mirror, inverted, larger than object, three 
•j^es as large. At centre of curvature. 

27. Midway between object and image. 

28. 8f inches from lens, f inch, 15${ inches from second lena, 
•(iiftmeter = }f inch. 

dO. 8 inches and H inches from mirror. 



N.-EXPANSION. 

1. 853*355125 cubic inches. 

2. About 4®C. The whole water would be reduced to O^C. befpit 
•any froze, and then freezing would take place rapidly. ' 

3. 53*31 cubic metres nearly. 

4. 209*8 C.C, 

5. Cocfiicient of expansion is the fraction of length expanded in 
IjeinjQf heated from one fixed temperature to another, say from 0® to 
100^ C. The mean coefficient of expansion is the average coeffident 
'for each degree between the limits taken. 130 '2*' C. 

^. 531.0119 C.C, 



7. 450*581 cabic inches. 

9. See 5. Let z = coeffideut of linear expansion wHch is always 
« veiy small fraction, x^ and x^ ure Very 'mtich smaller factions add 
may be ne^^ected in clnr calcalatiQiis. (1+ as) * *■ 1 4- So? + .9aB* 
+ as* » 1 + 8 a; approximately. 

10. The temperature at which if the water be heated or cooled iti 
density becomes less. 

11. Steel ban outside and one and half times longer tiisn biiiM 
bars. 

12 Weight thermometer. 



0.-THEBM0METSB8. 

1. - 40* C, 95** F. 

2. 29 •4« C, - 40<* F. 
8. 4-4'C..-40F. 

4. — 40^ C. By distilling the liquid under a lower pressure M. 
▼acuum pans. 

5. Fix on two standard temperatures (those of freezing fcnd 
4>oiling watcir), and diyide the- difference iiito any arbitrary number of 
degrees. - 84-4*> C, 168-8«» C. 

6. The pressure of the air gmdttiilly fiUikes the bulb smaller bnd 
so causes the mercury to itand higher in the stem than it otherwute 
would. On being heated the bulb Inay expand again. 

7. Commence with freezing- ^)oititj dthirWiito you mij(ht cause the 
bulb to expand beyond Its nOttnal size. 

8. The glass oi the bulb will expandj and so cause the merenijr 
to fall, before it conducts the heat to the mercury and causes it to 
expand. 

9. They will rise on stem owing to contraction of glass. 

10. 820**. 
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a-SPECIPIO AND LATENT HEAT. 

* I 

I. 82^ ff., because the heat absoirbed is used. up in couyertii^g tha 
ice into water. 

'S A Hqaid boils when the tension of its vapoar eqnals the 
external pressure ; the tension is increased by rise in temperatiuey tho^ 
the higher the boiling point,' the greater is the j^essure. 

8. Describe any form of calorimeter. 

i. See Q 2. , 

$• 500 grammes. 

6. Let X = specific heat Qf.iron..^ 

.•. 10 X 100 X oj = 1000 X -114 .'. X = -114. 

7. 39-6^ C. 

8. Water and steam xmder «ach conditions cahnot be made hotter 
than 100^, any excess of heat is used up in turning the -water ^to* 
steam. 10 oz. 

9. Let aj =s temperature .*. (100 - o^ ^ O'OSSx ,% x » 96*8' 0. 
«eariy. 

10. 8000 grammes. ^ 

II. 7*95 oz. 

18. Let X s latent heat (^ water /. a; + 10*8 =» 100 - 10*8 :l 
X = 79*4«» C. ... ■ ^ 

14. In one case the pressure is that of the atmosphere plus 6 
inehes of water^ in the other case the pressure is that of.,tIie; 
tttmosphere plus 24 inches of water. 

16. As 1 is to 716*25 :: 4 : 2861. 

16. The height of the mercury in each will be that of the 
barometer minus the tension of the vapour at that temperature. ThoL 
order given is the order of their heights. 

17. Cold water condenses the steam within, and so lowers ,tl|e- 
pressure. See 2. 

19. The temperature is lowered, the solid salt becoming liquid. 

20. Let X == specific heat of copper .*. 25 x 100 x a; = 2*876 
X 80 .*. X = •092. 

21. Water so cooled is in aiuinatable condition. When a portion 
of the water is converted into ice, the latent heat thus set free raiso» 
the temperature of the remainder. 
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22. If we heat a given i^eight of meroory tlirougli a given number 
of degrees, we use only -j^ of the heat required to heat the same wei^t 
of water through the same temperature. Let » » temperatortf 
A 100 » 10 X (20 +x) X ^ /. oj = 280^0. 

23. See Q 2. , > 

24. None. 

25^ G^ieater specifbQ heat m,ore slowly body cooI& 

29. 'iom. 

32. The air is warmed, giving increased pressure. 
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R.-OONDUOTION, OONVEOTIOH, ItADlATIOW. 

1. In the first case the water or, air appears to carry the he^% 
bodily with it from the furnace tp the r9oms ; in the secoifd ease.'^e 
heat passes through the iron without any sensi^9 motion of thei iroi|wo 

2. Both are colder ^than, your hand, the, mercury conducts, the 
heat rapidly from your hand, whije the water does not. .. '' 

3. The size of the portion seen increases, as square of distance, 
while intensity of light -and he^t received is inversely as square of 
distance, the two, therefore, compensate each other. 

4. It is possible that the sppfiific heat of the copper is less than 
that of the iron, and thus with the same quantity of heat communicated 
to each the copper woul^iliCllMeedtfiPiftth^lfi: temperature. 

5. Glas^s is 119]^ transparent .to d^k-^eat rays .while ^e^<«alt|;i8^ 
&us niearly the wl^ole of the heat, radiated frpm the |[lass comes from.- ^ 
thin slice n^ the thermopile,, |>ut that from the rock-salt comes from 
iJfl delayers. 

6. The air bein^ cooled to a temperature below that at which it is 
sikttirated with the aqueous vapour present; anything which caofles 
xhia cooling to take place rapidly will cause the deposition of dew. 

" 7. (With hour and inch as units, and 79*5 as latent h^t o| 
water.) '207. 

9. Owing to difference of specific heat. j 

* 10. Leslie's radiometer. Prevost's theory of exchanges. . j 
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A.-oxyGiasr. - 

. 1. 2EC10, ts 2E:C1 + 3O3. Pas3 tar over :baric oxide heated t(V> 
wdnese 2BaO + 0,0: 2BaOa, pass steam (whSeli aets mechanicallT) 
over the baric peroxide, heated rather more. '2saO^ ^ SBaO + 'O's'* 
Or by mercury to HgO and then decompose. • ' ■ ' 

2. Give test with bnming taper and moistened litmus* p&^. 

8. SMnOa =» Mn.O^ + O, ; carbonic anhydride « CO.,) Vitter 
«■ HgO ; phosphoric anhydride » PsO^ ; sulphuroud imhy^dde 
-SOj. 

4. Place a stick of phosphorus in the gas over water, it gradually 
combines with the oxygen, aad leaves the nitrogen where present. 
SO,, SO,, CO3, PaO„ PsOg, SiO, are oxides of an acid nature, and 
NajO, Kjpj.FjO, ure hasie owdet. 

5. See A 1. Sulphur, coke, wax, and ammonia can readily be buxnt 
in oxygen, the odiers mlliiot burn. 

> 7. Pass nitric oxide into the gas. Brcwn funiss are caus^ in 
oi^gen; but not in nitixms oxide. 

10. iit) No. {b) Oxidte of Iron F.O^. (c) No. Of y.O^. \d) 
Yes, either free -or combined in Fe^O^. 

12. 45 grammes nearly. 
' 14. Bee subject of ^ otmo^Aere in text books. 



B.--EYDBOQEN. 

1. 2B,0 » 2H2 + 0, by electrolysis. By collecting b^ 
displacement with mouth downwards. Water a H^O. 

8. Prepare by electrolysis or by so^um and water. By applsyi|ii(. 
ft flame or electric sparky when they unite with explosion. 

4. Water » H3O, marsh gas = CH4, sal ammoniac NH^^OIL, 9^ 

5. Burn under a cold bell jar, test . the liquid produced ; it ; itt" 
tasteless, has no action on litmus paper, ^nd causes pot^utsium thrown 
tipon it to burst into flame. 

6. See B 3. Apply a flame, after the combustion shake up with ft- 
little lime water, that which contained the hydrogen will remain cletuv 
the other will become milky. 

/. SeeBd. 



d-OARBbispr 

1^ if each l>e*btic^dd in ^zceto of OJcygen, they 'itll phxince'the 
tfone substance GO,. It ^wcteiled an^ tdaed with pbtassic idttiiiii 
ikey all prbiiude pdta^ic carb<»iat^ ' ^ ^^ 

1 They Bit (Bobsid^'red t6 be elenietit&/Y>d'cati8« hithettd- ho "bi^ 
has been able to proTe that one consists of more than one distinct kmd 
of matter. 

3. Heat a portion in a dosed cracil]^^, and after#Brd)$ ^l^dsedl'tb 
the air ; if present in certain fdhns it ^^Hl ttiirn black abi'afteffwiii^& 
l>iim away. Powder and init %ith idtre and drot^iii i^rrtions intb a 
hieated cmcible, when cold put the tbiask into k flask; kid upon it ^tit& 
dilute sulphuric acid uid pass the evolted gaii into Ume ^ater ; if csf - 
.bon were present it will'he turned xnllky. ' ' 

"' 4. See"fel. '. 
•" '6. Seeto6. • 

6. (a) Try to scratch glass, or better, rock crystal, with it-^^-dl^bitd 
will scratch it, glass will not. {h) HcAt lii bx^j^n, di4ni(](nd '^1 

'bum, glass 1^ not. Put it in hydroiluikei M^ gtas^^'di^blV^, 
"diamohd not: / ' •';•..'■ • " ' '; "■ ''''"'' 

7. Ozjgeii in eicess forms 06,, in def^^itf 6b ; suTphiii^ibi^ '63^. 
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D.-NITROGEN. <^^" 

1. Phosphorus combines with the oxygen, leaving nitrogen. 

2. Nitre, sal ammoniac, mostawmal and vegetable substances. 
Test with a burning taper and lime water. 

3. Pass a current of ^ir, dried. ];^ biaing passed through strong 
sulphuric acid, over copper turnings hea£ed in a glass tube. It com- 
bines with the bXjrgen, leaying liitrogen. • '^'■^^ 'f 

4. 9ee3. Will not support Iffe, ettingtiilAiW a tap«r. ^^^>9 



Zlr-CHLOBINE. 

. 1. MnO, + 4HC1 = MnCl, + 2HsO + Cl«) pass the gaseous 
jchlcn^ine into water kept at tke freezing temperature, a solid hydrate 
is formed, which on being placed in a sealed tube, and gently heated* 
splil^up into water and liquid chlorine.. G1,0, ClaO,, Ci^O^ and 

2. i. bleaches it ; ii. combines with it forming CuCls ; iid. com- 
bpies with it, forming SbCl, ; w. None ; v, combines with it forming 
1^9 and P<^1« ; vi. combines with it, forming S^Clg. 

4. Chlorine is of a. light gre^n colour, bromine vapour of a brown 
tint ; shake up a little ether in each bottle, th)it in contact with 
bromine is coloured brown. Chlorine does not exist free because otHa 
strong attraction for other elements, especially hydrogen. , 

5. They explode, forming two volumes of hydrochloric acid, .and 
one of hydrogen ; water dissolves the hydrochloric acid, leaving the 
hydro^n. 

6. i, None ; it, none except under action of lights when it cpm« 
bines with it, forming HCl^ sometimes with explosiou ; iii, /combines 
with production of flame, forming PCI3 and PCI5 ; iv.. none, except 
under action of si^il|^t, when it. decomposes it 2Hg^0. ^+ 2Cia 
• 4HC1 + O3 ; V. it decomposes it, 2SHa + 2cia = iSdl + fe. t 
vi. it decomposes it, SO^ + 2H3O + CI, = 2HC1 + H3SO4. 

7. It decomposes water, comb inin g with the hydrogen and setting 
free oxygen, which being nascent acta more readily than ordinaxy 
<ixygen. 



8. See questions 1 and 2. 



.•['! .[ 



I 



F.-BROMINR 

' .■..'■■ . I 

1. Difference in odour. Shake up with water* , N^Q^^ ^Tif^ 
eelourless sql.uti/im, bromine gives e& orange-coloured solutiott.. 
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vi d.— lOBINfi. 



1. Iodine liberated. Test it by a solution of starch, which it 
tamed blue by it. . . / ' 

, 2l '"dtaj^sh^astefblae^dthiodiiie, ye]lW'wit&bh>ik^ 

3. Heat. Yiolet yapour shows iodine. ' . '- 



- ) 



L~StJl.PHtm. 

"■,'.■•-.- .... . * • 

1. Native sulphur, iron pyrites, copper |)yrites, &c. Extracted 
by melting out of iinpurties, and purifi^ by sublimation. 

2. Sulphurous acid (= SO^) is obtained by burning sulphur in a 
current of air, or for laboratory purposes by heating copper turnings .or 
mercury with sulphuric acid. Cu + 2HaS04 = 2HgO + CuSO^ + 
9O2. 5(Xgranimes of sulphur^ and 50 grammes of oxygen. 
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J.-r^PHOSPH0RU8. 

1. By heating out of contact with air for some time: Difference in 
colour, form, solubility, in eiarbon blisulphide, and inflammal»llty. 
Coinmon phosphorus is- kept umler water because it is spontaneously 
inflammable at summer tdhperaturee^ and continu^y undergoes slow 
combustion when exposed to the air. 

2. Common phosphorus when heated lor some time in a dosed 
tube is converted into red phosphorus. Which on being hea;ted still 
XQore produces common phosphorus again. £ach on boiling f^th 
nitrie acid form- the lEiame compound,^ phosphoric acid, which on being 
satumted with Sodic hydrate, fortn from equal weights, equal weights 
of the same salt. > ■ 

8. See J 1. 

4^ Vjb^: See J 2. 

5. See J 2. 



L..-OOMBININa PBC^^TIONg BY WEIGHT AND 
. VOLIFMB. 

2. 68.6, 166, COa » 44, 170. 

3. CO, Qft^i g«u. c,^if aog, ao,-, nr.o, ^.o., ^^fi^ 

K^O^, N3O5. . ; ii .1; 

4. 3797 graiDs contained, 1627 grains given off. 
6. 1 : 2, 1 : 1, 2 : 1, 8 : 1. 

6. 444 '4 grammes of oxygen, and 66*6 grammes of hydrogen; 
622*2 litres of hydrogen and 311*1 Vit^B of-ozygen. 

7. HCl = 1 voL H + 1 voL CL ' Hjd « 2 vols, H + 1 vol O. 
ifHg = 8 vols. H + 1 vol. N. 

8. Air = 20*8 vols of -f 79*2 vols, of N in 100 vblal' 
^'26 must be added. 

9. 2} grammes » 1*86 litres. ''* 
' 10. 49 grammes. 

11. Air contains 28 per cent by weight of oxygen .*• ^28' toh bf 
oxygen would bum 193*2 lbs. of carbon. 

12. 24 grammes of C. gives 44*8 litres of CO^. 

13. N « 82-85, H = 17*66. 

14. 2*29 grammes of V^O^, wluoh wqidio 1*19 grammes of 0, or 
6*61 granunes of air* . r 

. 16. 200 measures pf oxygen a 961*64 measoiesof air. 

16. Zn + HaSO^ B 2&SO4 + Hg. 80*77 grammes of hydn^^on^ 

17. i. C : H :: 8 : li iu C:H:: 6: 1; iii.0: ;: 8i.r fit 
w. H : :: 1 : 8. . . > 

18. 21itres of CO, 1 lifre of Q, .:: 

19. 142-86, 125*00, 196-43, 8.16*96, 75*89 giian^mes, . :.,) 

20. Nitrous oxide N^O, K * 63 64 O « 36*36 ppr q^fc 
Nitric oxide N^Oa, N » 46*67 » 63:38. ; „:^;i,j 
Nitrous anhydrida NgOa, N » 86*^4 O *= 63-16 ; „ 
Nitric peroxide Na04, N = 30*48 = 69*57 « : Vj 
Nitric anhydride NjOj, N = 25*98 O = 74*07 „ ... 

21. NaCl + HjSO^ = NaHSO^ + HCl, or 2NaCl + Hj,BO^.« 
NagSO^ + 2HCL 62 89 grammes = 38*29 litres. Zn + aHC^ « 
ZnCla + Ha. HgO + 2HC1 = HgCla + HaO. MnOa + 4HC1 « 
MnCla + iHaO + Cla- — 



22. 20 tXL cm. of required ; 10 c. c. of CO^ and 20 c. e« .of 
H3O (steam) produced. 

23. Because one atoih of and two atoms of H mutually satiety 
one another, and when oxygen replaces hydrogen in a compound, jopa 
atom of replaces two atoms of H. 

24. 84 grammes = 22'4 litres. , , 

25. The sum of the atomic weights. 17* 

26. In excess of air, water and sulphturous anhydride SO^, in 
•defect of air, water and free sulpj^ur, ,150 c. cms* 

27. See L 21. 50 c. c. of chlonnA + 50 ^ c. oC hydvo^enuf 
NaHO + HCl = NaCl + H^O* 

28. 2NH4CI + CaHaOa = CaCla + Wi^O + 2N»8. 
Density « 8*5. Two volumes of RCi ar&left, imd solid NH^C^lia 
formed. 

29. One molecule of marsh gas- mixed with two molecides of 
oxygen and exploded, give one molecule of carbonic anhydride (CO^) 
and two molediiles of ivater.' 75 c 6. of carb^iib bxida aiid 9t'i c c« 
of ox)'gen. ^. -■- 

80. The two gases combine together and form 20 c. cm& of steatu 

81. Zn + HjSO^ = ZnSO^ + Hj ; Zn + 2HC1 = ZnClj, + H^. 
3*0875 grammes of H, which produces 27*607^ gnammes of water. 

82. 36 grammes of water. 

33. (a) 116 grammes, (() 48*5 grammes^ (o) 56*1 gramme^ neaiiJfWi 

84. On explosion 100 vols, of CO, and 100 vols, of are Ijsft. 
On passing up a ball of cauatic potash it absorbs the QO,, leaving 
100 vols, of 0. 2KH0 + CO3 = H^O + KjCOj. ( 

85. There will remain 50 c. cms. of hydrogen and 100 c. cms. of steain. 

86. 160 grammes of ammonic nitrate NH4NO3 are produced* 
Chief property production of nitrous oxide on heating. -^ 

87 22*4 litres of CO, and 3ff grammes of water. 

88. Fill two tnbes of soft glf*68 with mixed gases produced by 
electrolysis of aqueous hydrochloric acid. Open one under water, it 
absorbs the chlorine, and rising, fills half the tube ; bum magnesiuin, 
wire before the other and open under mercury, no gas escapes not* does 
the menmry enter the tube, bring it ill Contact n^ltU water, it dissolves 
the HCl produced and fills the tube. 18*25 gms. 

89. H =■ 1*59, N « 22 -22^ - 76*19 per cent. 



L40-K2 

40. 00 Tolumos of oxygen required, 40 volumes of CO9 produced^ 
^ 41. 43*12 lbs. nearly. 
42. Density = half molecular weight = ^ = 22. 
48. 22 grains carbonic anhydride. 

* 44. K 38*61 

N 13-86 

47-52 

99-99 

45. 800 c. cms oxygen, 400 c. cms 00^ and 400 c. cins water 
n^our all measured' above 100** C. 

46. 188*23 grains SO, and 52-94 HgO. 
.47. 382906c. emsHCL 

'48. Density NHg - 8*5; 78*57 grains. 



H*-a£NESAL NATURE OF ACIDS, BASES, 

AND SALTS. 

- 1. Silica is displaced from its combinations by other acids, as in 
the preparation of silica by adding hydrochloric, sulphuric or carbonic 
acid to a solution of water glass. Silica displaces other acids from 
their combinations by being heated with them, as from nitre, potasMc 
sulphate, moist sodic chloride, &c. ' ' 

2. Test with litmus paper. ' 

8. Test with litmus paper, by taste, try which can be neutralised 
by a known acid and a known base. ' ' * 

.4. Sees. " . . . 

-5. See 2. 

« 

6. See 1. ' ; : » 



N.-SYMBOI.S AND NOMEI^CLATVItli. 

1. HaO ; HaS04 ; HNO3 ; NjO ; SH^. 
• 2. (a) 3 Fe + 4 HaO =« FcaO^ + 4Hj,. 
(b) Kj, + 2 H^O = 2 KHO + Hg. 
(e) 2 Na CI + HaSO^ = NaaSO^ + 2 HCL 
/^-^ 2 Cl^ +2 8H^ = Sa + 4 HGl. 
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i. H, N, N,0„ C, CH4,, CI, Br, P, PjO^, SiOa. • ^ 

5. HaO, NHs. SiOa, 00^ or H^COs, ^»^0^ CH^ PHg. 
' 6. (A) H3SO4, + KaCl = NaHSO^ + HCl 
or HaS04 + 2 NaCI = KajSO^ +' 2 Hd 
(bj 2 H3SO4 + 2 NaCl + MnO, = MnSO^ .+ ISTaaSlO^, '+ 

2 HgO + Cla« " 

fc; NH^NOa = Na + 2 HgO, 
^ W NH^NOs « l^aO + 2 HaO. 

^i. M3Sda,M,S04,; MKO,, MN'O, ; NjO, ^,0., . (M; = m^t^ 
as sodium.) 

8. HjSO^. + 2 NaCl « NajSO^ + ? HCL . / 

'' H,SO;t + 2 NH^CI - (NHJa SO^ + 2 HCL ^ V 

HjSO^ + 2 KNOj = KjSO^ + 2 HNOj. 
2 H,$0^ +Cu'= CuSO^ + 2 SjOi + SO, ' 

9. Nitrogen 77 oxygen 23 per cent, SiO,, CaCOj, JNH5, CH4, 
C, carbonic oxide, nitric oxide, snlplinrous anhydride, .nitifoos. 
anhydride (acid), sal ammoniac^ or amnionic chloride. 



■* - <> 



O.-^THE ATUJOSFEERB, ftc. 

r- •• ■ . ' . ■ • r .. ■'■.■• ■" . 

1. 12*48 CO. in. of oxygen. IHtrogen and ii little COp, 11,0 andf 

2. A mixture made in tlie same proportions neither al^prbs oat 
giTBS out heat, has the mean properties of its constitu^ntSy an^ c^uinot, 
lie distinguished firom ordii^uy . air. , The air dissolved by water^ 
cbntains a much larger per centage of oxygen than ordinary ajur,.whicl^ 

ii^ wotdd not do if it were a cpmpound. 

/■ • ■ ■ < . 

8. Oxygen is removed £rom the air by the respiration of ai^malEL 
(also that of plaints in the. dirlc) and b^ the processes pf combustion 
aixid decay, it is restored to the air again by plants during the assimila- 
tion of CO 3 in sunlight. 

4. Water by passing air thrpTigh a^ cooled tube, or tube cpnta^iing a 
drving substance. Carboxiic jacid by production of film on. basin 0^ 
lime water exposed to the air. Oxygen by prod^cjtion' of brown fuii^es^ 
on allowing nitric oxide to escape into the air. Nitrogeif "by removing 
other constituents and testing the remaining gas with lime water axid^ 
iC'taper. 
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5. By heating xnerciny in a confined pprtipn of air, red oxide of 
mercary was formed wHch on being heated still fnrUvBr gave np tiie 
amount of oxygen it had previously lost 

6. See 1 and 2. 

•7. See 5. 20*8 6.0. of oxygen. 41 '6 c.c. of hydrogen.. , 

8. See 3. 

9. Nitrogen passes through nnchanged, oxygen, and oarh^c acid 
• and water form hydrogen and carbonic oxide, CO, + C » 2 GO, 

HjO + C «* Hjl + CO. 

10. See 2. 

11. AnimalB take oxygen froin the air and give up carbonic'aeid and 
water to it. The higher' the temperature and lower the pressure the 

.greater is the quantity of aqueous vapour present in the air, 

12. See 2. 

13. Seen. , 

14. See 2. 



P.-OOBltBtJSTION, &c 

1. A candle requires asTges^ witli whic^ tajeonotluie in the act of 
burning^ when the p^gen present is used up^ the. candle) ceases 4» 
Hfturh. Thd Iron or copper combines with the oxygen, leaving nitrog[Biy 
16 grammes of oxygen B 69*565 grammes of air, 

2. In the Bunsen*s burner the mixture of air aokd ga» is bni^ 
rapidly, so that heavy ^oot-forming hydroucarbons are not formed;; iilr 
tile c6mmon gas-^g^t this rapid combustion can only take place at the 

• exterior: the heat thus formed and the partial combustiopL; of the. 
remainder causes the production pf heavy hydrocarbons and heat^ them 
to such a degree that they give .out light. 

3. Pirodticts are water,, carbonic anhydride, and a little, sulphurous 
acid. 

4. See 2. 

^5. Sulphurous. anhydride SO^ ; Phosjphorous anhydride PnQ^j^ 
Phosphoric anhydride P^O./; "Water tl,b ; Carbonic oxide COt, 
Carbonic anhydride CQ,. . 

6. The surface of the flaine is in contact with a plentiful supply of 
oxygen, in which the whole of the gas is burnt, the inner part has a 
Tery limited supply, in wliich only a portion of the hydrogen ia "burnt; 



7. See 8. WitEoat a glan miffieieBt iir doeii not JkomIl iJi^e ^;$Qe 
io totally bom the gas, smoke and aoot latiag predated ; A/glaai i|b>. 
cnases the oanent of air, the gas is tottaUy hariLf, and. so: mora UgjMb^ 
and lieat are prodtiGed ia the same time, 

8. Bom anything in a closed botUe, when the oxygen is nsed up. 
the oombastion ceases^ even if the oombnstiUe be strongly he«tei«f 
Xbe bsygen eombiAes with it Distil it with, carbon, phosphorus ^d 
OKiiidmc «xide^ a body known to oontain oigrgen, aw prod^^eed, .^ 

9. See7* 

11. See previoDS qoeatioBa. . .> 

•••^ 

■ ' . . \ .' r 

Q.— WATiaL i[ 

1 Hydrogen « twice yolume or one-eight}i weight of the axjgpxu 
2. Water can be produced by combining oxygen and hydrogen; ani 
can be decomposed into oxygen and hydrogen by electrolysis. 

8. Bain water is much purer t han s e a water, containing very little 
if any solid dissolTed. Calcic carbonate and sulphate, sodic chloride^ 
ammonia and nitrates. By distillation. Boil in a flask, fitted with 
tnbe which dips into a solution of sonie salt of lead ; if sulphuretted 
hydrogen is present it soon comes off and blackens the solution. * 

4> The sea- water was distilled* and the distiUad water yraa aerfiti^ 
by being passed through porous carbon filters. Sodio chloride, in^gneaui 
^oride and sulphate, calcic carbonatte and- sulphate, a little combined 
bipmine and iodine. , <• .<. 

6. Inability . to form a lather wit^^oap owing to the presence qf 
lime or magnesia salts. By Clark's soap test. 

6. See 2. 

7. The hardness is chiefly caused by calcic carbonate, rendered 
soluble by excess of carbonic acid, this excess combines with the lime 
added, and ihiis the whole of the calcic carbonate is precipitated. 

* ^ See7. • ' •• 

9. The precipitate is calcic carbonate, which was dissolved in Hm 
water by excess of carbonic acid, vthAn this was expelled by boiling it 

rondered insoluble. 

10. Seaparevions queations» . . . -. ,^ ) 



^>ll. To equid portioiis d£ the 'same sdfttioir.of 'Hiti^te- of 'eilycir, 
apal<iified vrith nitiic add, add the water, dzop by drop^ as looag as a 
pieoipitate is formed; that water the least qxiantiiy of wMch sufficed 
is sea water. Add a little solution of soap in spirits of wine to p^rtiona 
of each of ihe othcar wateis and shake well, in the soft wat» little curds 
b«t much lather is produced/in the hard little lather but iomc^ onrds, 
IS. Water dissolreA oxygen, and gives it iip agaitt 'to water;' bloody 
or other liquids containing pi^opoi^onaliy lote' thon^si^flbeB. Plaoft 
fish in water under an air-pump and exhaust, or pour oil on'lbe surfafc? 
of the water, in either case air has no aceeM^tot^^e^'Vttber;! fouithe flsh 
die. 

14. Pass bydrogen over heated pepper oxide. See text books. 

15. More calcic carbonate being present more is dissolved. The 
lime water precipitates the QQ^, and solvent being destroyed, the calcic 
carbonate dissolved is thrown down. See Clark's process for softening 
waters given in text books. . 



E^OARBONIC ACID, CARBONIC OXIDE. 

1. OOj is chiefly^ produced, probably a little CO and H are ihd 
l^nned. In the upper i)ortion of the fire CO and H form the main 
^ortioU o(f the products. 

' 2. Bum magUesium in it, magnesia, known to contain oxygen, aajd 
carbon are fonned. Ca CO* + 2 H CI = HjO + COa. Limewat6r 
bteomes milky when shaken with CO, but not with N. 

8. See 2. 22 times as heavy. 

4. See 2. Add lime water to the spring water, if carboxiic add 
were present, a precipitate would be produced. 

5. Nitrogen, steam, carbonic oxide, carbonic anhydride. 

• • • 

6. Yolcanoes, decay, respiration of animals ; the asdmilatioq, of 
carbon from the carbonic acid by plants under the influence of fonligjhti 

7. PasaCOg over coke, iron, &c., heated to redness. 

8. Shake up with lime water, a precipitate is produced in. botiltt 
containing CO. ; apply a flame, CO bums with a blue flame. ■ i 
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9. See 5. On shaking up with lime water it should pwiduc© a jire- 
clpitale, and on standing over a solution of caustic potash it should be 
nearly wholly ahsbrbed. 

10. See 9. ' 

11. See 2. COa + = 2C0. 



S. -OXIDES AND A€9DS OF NITROGEN. 

1. Cupric nitrate GuN,Oe» WAt^^r ^,0 and nitric .o;cide N^O, ; 
it combines wiih the free oxygdnforminglTjOg and NjO^. 
" 2. Pass nitric oxide into it, red fifmes are produced in ot^^n^ot 
In nitrous oxide. ' . ' i < .' • ' " 

3. BecaUise none have, as yet, been decoinj(K)fled 1ttt6isfni}AeF' fenuh 
of matter. Pass nitric oxidd into it ; if a mixtm^red ftimes are caiised 
by the firee oxygen ; if a compound they are. n6t prodUcfe^A, - •" ' ' ^ 

4. KNOg + HjSO. =± KHSO^ "V KNOg. V#e suppwe Irhat 
hydrogen is really produced but that it l^en caus^tttorenitrioa^id'fb 
be decomposed, combining with* oxy^ and libettiltiiiig Ibw^r oxides' tf 
nitrogen. Combination ensues, water and a sA^ i^tassicnitrai;ef,'b^ii% 
formed. 

5. By heating ammonic ni{irafeT~nSee 2. 

6. See 4. Potassic nitrate and water are formed, nitrite one atom 
less oz;^eB i^an nitrate. - -^ '' '- feU' ''..;" . ." • • Y 

: 7« KNOfi, KNO,, seei. : One;ati9^;cD^yg^ ., i 



.•^^ 






T.-AMMONIA, 

1* A gas obtained by heating a naixture of lime' and sal ^vimoriiac^ 
composed of 14 parts by weight of nitrogen uuited to 8: pfaorta of 
hydrogen ; or by volume 1 part of )Q$trdgen to.i parts of hydrogen* 

2. 2 NH^Cl + CaHaOa = CaCla + 2 H,0 + 2 NHj. 1 oabfo 
inchofHCl. 

3. Free, heat alone ; cdihbined, heat inth addition ofcauatie.pertaikliy 
and hold red litmus papier iiitiie'tapdut, if aitfmoBia b^^preMiit it ^w91 
change the colour' td blue.. '. ' ...■.■■■■>■■ . •, .:'..., <r 



. 4i See2, • 

• 5^' (a) It is difisolved probably foTming a hydrate, on boiling tiio 

aolution the gas is again given off ; (h) it combines With it forming the- 

salt, ammonic sulphate, the gas is given off on heating this salt with 

lime. 

7. Add 17 Yolmnes of oxygen in eudiometer and explode, water 
formed showing hydrogen, remaining gas has all the properties oi 
nitrogen. 



V.-OLEFIANT GAS, MAA&ff OAd. 

1« By Jieating alcohol with strong sulphuric acid ; 6 parts of carboa 
by weight to one part of hydrogen ; on explosion with exoess of oaygen 
Mnk Tohime prodn^ two yohimes of carbonic anhydride. 
; 2« By heating a miztoie of sodic acetate, caustic soda and qniddiiiM* 
400 Tols., 20O vols, of oxygen and 200 vols, of carbonic anhydride. 

3. Sea 1. Explode equal, volumes of the two gases with ao excess 
.f^f oxygen, and thenabsprb the CO, produced with ^solution of caustie 
\pota8h, this will produce a diminution in the case of olefiant gas^ twio# 
4tt great as in that of marsh gas. 



y.-SULPHUBOUS AND SULPHUBIC AQID&» , 

1. Add a little hydrochloric add- and then a Mluti^n ^f biiift 
chloride, if sul|^uric acid be present a precipitate is produced. 

2. Bum sulphur in oxygen, or deoxidise sulphuric acid by heating: 
it with copper. A taper does not bum in it and it bleaches flowers. 

8. See text books. * 
. 4. HliTOs and Ba€l„ HNO3 and AgNO^, PbNgOe black precipitate^ 
'.H^SO^andFeSO^. 

6. Sulphurous anhydride ; by dissolYing it in water and heating 
'%ith nitric acid. See 1. 

6. Sulphurous anhydride SO,, forms with water sulphiiroi^a s^ci^ 
,H,80jp and with sodic carbonate, sodio sulphite Na^SOg and GO,.. 
'iSidphorio anhydride. S0«, fomis with wvitar solphu^ aoid H^SO^ apd 
with sodic carbonate sodic sulphate Na^SO^ and CO,. , , 



V 7-X 4 

7. (1) SO,, SOj. (2) H.sbs, H.SO^. (8) K^SO^, KHSO^j 
K,SO^ EHSO3, add hydrocMoric acid, then a softttibh of bi^ 
eliiorfde,^ a ^recit^taie lis produced l>y ibie solute, and not by the 



. 1. By acting on ferrons sulphide with dilute anlphioiruc. aoid ifi ar 
Woulff's bottle, F^ 4- H^SO^ » FeSO^ + SQ,* ; In exeeif SQa 
and H«0» in de£Bct Si and HaO. 

. 2, Heat in flask and ^ast yapours throu^ a aplntiq^ of plnmble 
acetate ; sulphuretted hydrogen, if present, blackens thfisolntion* 

3. See. 1* Pass it through a heated tube cont^dning cupno ozidfl^ 
cupric sulphide and water, substances known to pontai^; sulphur ai^ 
hydrogen respectiyely,' are formed; or explode with oxygen. It. 
produces a precipitate of plumbic sulphide and liberates nitric acid. 

4. Hold cold glass over burning jet of gas when water condenses. 
Hold a pansy, yiolet or sh^et of Utinuii |)aper oyer fumes, bleaching 
{ihows SO,, peculiar smell of burning iNimstone is d^fm^Y9 of SO, and 
hence of sulphur. 



■JiTJ 



Z.-HTDROCHII0BIC ACID. 

1. By weight hydrogen 2 parts, chlorine 71 parts ; by yolume equa 

parts. 

It '1 * 

2. See L 21. One yolume of chlorine plus oaa yolume 'of hydr(%en . 

t f 

form two yolumes of hydrochloric add. Water dissoltes the |;a8, 
forming a solution haying many of the properties, of the gacc' 

3. See L 21. Add a little nitric acid and Solution of argeiitic 
chloride, a white precipitate is produced in the hydrochloric acid. 

4. Apply a burning taper, this would cause the mixture to combine, 
but the taper would be extinguished in the compound. Test with blue 
litmus, the mixture would bleach it, tlie compound would redden it, 
kc 
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■ . > * 

t. See L 86. 

7. See previous questioiLB, NH3 known to be present by beating 
and Iv)lding red litmus paper over solution, wben it will change ft<mi 
red to blue. 



T.-rPHOSPHOBIC AOID AND PHOSPHyEETTED 

HYDBOGEK. 

« 

1. Fbospboric anhydride PaO,. It first becomes metapbosph&rie 
icid HPO3 And intimately orthopbospboric acid HsPO^. 

2. Water is decomposed, its hydrogen unites with -pkosipbonuf, 
forming liquid and gaseous phosphuretted hydrogen/ and its -oxygen 
unites with phosphorus and lime forming calcic hypophosphite, ' Wbeb 
iiept at a low temperature the liquid phosphuretted hydrogeh becomes 
tbndensed, the gaseous is not spontaneously inflammable.' ' ' 



Z.-SILICA. 

i. Fui3ed with a tnizture of sodic and potassic carbonateis, dissblris 
in dilute hydrochloric acid, it may be rendered insoluble agaiil bjr 
operating to dryness, 

2. See Ml. 

3. See M 1 and Z 1. 



A'.-NOT CLASSED. , .., 

1. See. A. 4. j. 

2. Apply a burning, taper, this would cause an explosion to occur 
if the gases w^re present in proper proportions, or would cause it to 
bum or wou]id bum in it according as hydrogen or oxygen wa3 in 
excess ; the taper would be simply extinguished in . the compound. 
Reduce to ordinary temperatures, the mixture would remain, as .gas, 
the compound a liquid. 

3. Add a little chlorine water and a few drops of bi^ulphide^ fof 
carbon and shake, if the bisulphide of carbon remain un coloured ti^e 

cbloiide was present, if brown the bromide aTV^Vt'vvAsX.^ftVQ^^^, 
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4. By aid of a microscope the separate particles of iron and sulphur 
could be distinguished iu the mixture but not in the compound. A 
magnet would separate the iron from the sulphur in the mixture, not 
iu the compound. Bisulphide of carbon would dissolve the sulphur 
of the mixture, not that of the compound. Pour dilute hydrochloric 
acid over them, hydrogen would be given o£f from the mixture, and 
sulphuretted hydrogen from the compound. 

5. Add hydrochloric acid, no gas would be given off by the chloride, 
the carbonate would give off a gas having, at most, a slightly pungent 
odour, while the sulphide would give off a gas of a disgusting odour. • 

• 6. FeS + HjSO^ = FeSO^ + SH, ; NaaSO^ + H.SO^ « 
NaaSO^ + H,0 + SO,. 

7. See 4. 
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